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This aanual is intended to guide developers, site 
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access to sunlight is aaintained for planned or potential solar 
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loMi oommunitias plan for and promola solar 
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«ntigy State and Mml tax laws also pro- 
vtda major inc anttvas tor thauaaotaolarenrg^* 
ift ilMaa wliwijfauft taotalaBon arwlwra local 

taMqSauch tmplmn$d urM SvSopman! 
{PUD) or miMad usa dawatopmant (MXO) provi- 
tlona. Locil govammenia ollan wateoina such 
iwiOMMva propoasla, paitloiiMy tn tlia casa of 
gnmalWnrt aa now and t mnor la nl as aolar ac> 
oaaa. in any casa, ttie davalopar or buMdaf 
should ba awara of appllcabia anargy- 
oonaarvillon or solar anargy codas or tialiittft 
and taha adyafttaos of Ifwin whtnav ir trosBlhla . 

Thto IMfltltl itoO RWkM MRItt iMumptfcxit 
■bout Am ildfc tnd imtraili of donlooofB wd 
lili nljnnofi riiit It onumoft Out Iho dMolODOr 
ifeMlv hot 0 QnMI diil of oMMfiofico ind too^ 
todtoo 'tem doilQnlno ond buidb^ houilno do* 
vOHipniifHi^ inoiVioiv« k oonoonmio on prv" 
iBCMg fonr oooott ono kmt mo mooi poiit 19* 
nofoo ttko mofo oonoiil site nlinnirto oraclioos 

Onu proCOOUfOT OnOCOng DOm OulOr Onu OOnVOn* 

ttonoi doMlopnioHIOt Sooondt tMo vnonuol pfo* 
tumoo a boiie Icnowtodso of tolor todmology 
(tiich oi tho uito of ocflvo ond po tstv o tytums) 
ond Ho ^ppScfl^Ofi to fooidOfilMI stiucliifoo Whito 
tt dooo iMnHon oortoin tvooo of oolor lochnoloov 
(aaa ttia Appandbt and lha O to s iaiy). it is not a 
subsWuta tor tha axparfisa of an afcMtacI or 
solar dasignarwho ia fsmilar with thasa mattars. 
tn usina soma dt ttia dwion amiaolas rihtnimiifl 
In Mt numuilt ttio dovolopor Of oMo plonnor it 
pfooumtd lo hsvt modo tomo of tho itchntcti 
docltkint imoMng tolor ontiw uto and oppKcft- 
tfon. FkioNyi iMt mtntiii doot not dtocutt In do* 
toR olhor otpodt of ontrgy oontoivalton (such 
at tandtcaping) except tntofar at such 
Itchnlquot afftct tdar aootst* 
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Site Setectton and Analysis 



Because the earth ts tilted on its axis, the al> 
titiKte of the sun at a gwen location depends on 
three tadors: the time of <iay, the latitude, ami 
the season. 

Common sense shows that the sun's Kght is 
most intense at solar noon, when it reaches its 
high poinMn~the sky for the day. and it is weakest 
at sunrisd and sunset, when it is tilted away from 
the ^te^s position on the eeoth's surface. The 
second factor, latitude, or the distance north or 
south of the earth's equator. 9^ affecte ttie 
sun's poettkm in the sky. Because of the earth's 
curvahire. the farther north one goes in the 
northern hemisphere, the lower the sun appears 
to be In the sky and the less its intensity. Finally 
the change of seasons also affects the intensily 
of sumght, partknilarty in latitudes distant from 
the equator. If the earth's axis were peipendteular 
to the plane of the earth's orbit arotmd the son, 
there would be no change of season. Since the 
6«th's axis is tilted at about 23.5 degrees from 
the perpendicular, the northern hemisphere is 
tilted slightly toward the sun in summer and 
^ghtiy away from it in winter. (The situatk>n is 



reversed, of course, for tiie souttiem hemi- 
sphere.) Because the sun's rays are more nearty 
perpendicular to the site in summer than in 
i^nter, it is hotter in summ^ than in winter. 

Although the sun's positton in the sky changes 
from minute to minute, season to season, and 
latitude to latitude, its position at any one time 
can be determined by u^ng two measurements, 
attitude and azimuth. Aftftude is the distance, 
measured in degrees, between the sun and the 
horizon-^y at sunrise and sunset, to a maximum 
of 90^. Az^rnutfi is the (Sstance, measured in de- 
grees, of the sun relative to due south. It is esc 
pressed as a negative value to the east and as a 
posHitve value to the west (It can also be mea- 
sured from the north, usN)g 360 degrees, but that 
method is not used here.) The sun's azimuth ts 
greater in the summer than in winter because the 
sun {fees and seHi fartiier north in summer. Rg* 
ure 4 shows how altitede and azimuth are mea- 
sured. Figure 5 shows the path of the sun at 40^ 
north latitude during the s(ristice9-^t is, the 
days when the kxigest (summer) and shortest 
(wint^ periods of sunhght occur. 



R0ure 3. Tile IntonsMy of SunligM Decree 




Site Selection and Analysts 



Figure 6> The Sun Is Lower in the Sky artd the Shadows Longer in Winter 




SUMMER 




WINTER 



Site Selection and Analysis 



Recalling the flashlight analogy* it is now dear 
that the sun is less intense in the morning and af- 
ternoon hours because it is at an oblique angle to 
the earth's surface, lliis phenomenon also ac- 
count for the lesser amount of solar radiation 
available in winter, when the earth's tilt lowers the 
ai^rent position of the sun in the sky. Finally, it 
explains why less solar radiation is available at 
higher latitudes. Bec^se of the earth's curved 
surface, the sun appears lower in the sky and 
solar radiatkm is more oblique to the earth's sur- 
face. Thus, the sun's daily and seasonal position 
is cructat to site selection because areas perpen- 
dicular to the sun's rays receive more solar 
energy than ar^as oblique to sunlight. 

Vtehnng reviewed these facts, it is now possible 
to turn to the methods for assessing tne availabil- 
ity of sunlight on a given site. 



Latitude and Topography 

The latitude and topography of a site affects both 
the availability of sunlight and the length of 



shadows cast by objects on the site. At higher 
latitudes, the sun is lower in the sky, creating 
longer shadows. Likewise, changes in topog- 
raphy atfBc^ the angle at which the sun hits the 
ground. On south sk>pes, as at tower latitudes, 
sunlight is more nearly perpendicular, so 
shadows are shorter than on flat land or on a 
north-facing slope. More solar radiation is also 
available on south-facing sites, as figure 7 
illustrates. 

In the northern hemisphere, south skipes are 
optimum for solar energy use. Because the sun 
Is in the southern sky, south slopes are most 
nearly perpendk^lar to the sun's reys, and there- 
fore can capture a greater amount of winter solar 
radiation than other slopes can. 

Tfie greater amount of solar radiation and the 
shorter shadow lengttis make it easier to plan for 
solar access protection on these slopes'" than on 
many other areas of the site. Because of the 
shorter shadow lengths, buiktings can be sited 
ck>ser to one another without obstructing solar 
access, and higher densities may be possible. 



Figure 7. Radiation and Shadow Length ort a South Stope 




Area of ground recefving the ray ort flat 
ground (B) is larger than area on south 
slope (A). Thus more energy is received 
per unit area on the slope. 



Shadow cast by tree on flat ground (B) is 
longer than the one cast by same tree on 
south slope (A), 
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S Selection and Analysis 



Because south slopes absorb more winter sdar 
radiation, they tend to be warmer than other 
places «) a site and tfierefore have more moder- 
ate tmnperatures in cooler dimaetes during the 
winter. With winter temperatures moderated, less 
er>eFgy (whether solar or conventional) is needed 
to maintain comfortable temperatures in struc- 
tures located in these areas. 

Other slopes are less idea) for sotar access 
and sdar energy use. East and west slopes get 
more sunlight in suminer and less in winter than 
south slopes. The sun rises far to the north in 
summer, striking east and west slopes almost 
perperKlicutarly This can cause ov^eating of 
buildings in summer, particulariy if the stnicUires 
have torge window areas on the west and east 
waits. Overheating is a particutar problem in the 
late aftenwon, when the west side of a building is 
exposed to afternoon sun. If a building is 
adequately shaded in summer, however, east 
and west can still be suitable for sdar 
devetopment 



North slopes are the least ideal for sdar ac- 
cess and sdar energy use. Shadow lengths are 
extr^ely long, making site planning difficult if 
solar access is to be preserved. The oblique 
sdar angles mean that the stope tends to be odder 
in the winter months. In tfrase dimates with pre- 
dominoit north winter winds, these skipes are 
also more^peeed, and txJiklings are more apt to 
lose heat ttun those in shdtered locations. 

Energy availability and shadow length also 
vary with ^ope gradient. The steepness of a 
slope accentuates the conditions created by 
slope diredion. In other words, if south slopes 
are warmer than other slopes and have shorter 
shadows, then steeper south slopes will be 
warmer still and have even shorter shadows. 
Similarly, if nortti slopes are coder, they will be 
even odder if slope gradient increases. Rgure 9 
^HHVS a comparism of all four slope (Erections 
on radiation gain and shadow length for an obtect 
10 units tall on a hypothetical site with two differ- 
ent gradient. 



Rgure 8. Building Overheating 




ERIC 



19 



Site Selection anu Analysis 



Figue 9. Shactow Lengm of 10-FM lan Ot^ect and Ra(Kaftion lii^ 
fer 4(r North LaHtude at Wnter Sols»ce 



North Face South Face East Face West Race 

Horizontal 

Radiation/Day 675 BTU 675 BTU 675BrTU 675 BTU 

Shadow Length 20ft. 20ft 20ft. 20ft 

10 Peroent Slope 

Radtalion/Day 445 BTU S»7BTU 666BrTU 668 BTU 

Shadow Length 30^ ft. 14.6 ft 20 ft 20 ft 

20 Percent Slope 

RadlalkHVDay 224 BTU 1101 BTU 637 BTTU 637 BTU 

Shadow Length 73.7 ft 11.6 ft. 20 ft. 20 ft. 



Solar access planning and site analysis on 
steeper slopes are constrained the same as for 
conventional development. The steeper the 
slopes, the more sophisticated and expensive 
must site preparation be. The development of 
moderate south slopes is a good idea Ux both 
solar access and conventional developments. 



Atmospheric CondWonw 

The atmosphere can also affect the availability of 
sunlight. Fbr one thing, the atmosphere hss a ftl* 
taring effect on suntight The more atmosphere a 
given beam of sunlit has to penetrate, the less 
its intensity Thai is another reason why the sun 
is less intense in the moming and afternoon. Its 
rays have to cut through a thick slice of the 
e«^'s atmo^here, where they can be absorbed 
by douds, pottuNon, and the atmospheric gases 
thems^ves. The greater the distance sunlight 
must travel through the earth's atmo^here, the 
more H will be atosotbed, and the less intense it 
will be. 

Specific 3^ospheiic conditions also take their 
tci\ of sunlight. Fog, in particular, is one cmdltion 
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that shouki be assessed. Because fog caused by 
cokt air concentratfons can significanlty HmH solar 
access, sites w^n a few huncbed feet of each 
other may' have very diter^t solar potentials. 
This is especially true in the Padfte Fog Belt. 
(See figure 18.) 

In areas of occasfonal mon^ fogginess, the 
oolle^r can be pointed lightly west of due south, 
atkming the moming sun to bum off the fog and 
leatdng the collector to gain solar racRatfon durkig 
the afternoon hours. (Seefigurell.) In areas with 
severe consents, a great deal of care must be 
taken to avokl fog^Kone areas. 

The amount of solar radiatkK) that reaches a 
site is partly dependent upon 0ie deamess of the 
air. Cfoudiness affocts a site's solar potential by 
obstnicting direct sunlight to solar collectors. 
CkHids also can limit natural cooling by inhibiting 
the re-radiation of heat to the night sky. Finalt)^ air 
quality will affect a site's solar potential. In rural 
areas, agricultural dust and dust cfouds from 
quarries or other industiy can lessen the sun's 
power. In urban areas, heavy industrial smoke, 
water vapor, and photochemical smog and dust 
can have similar effects. 
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Rgura 10. Absorption by the Atmospbere 




Rgure 11 Oriemation in f^Prona Areas 
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Severe temperatuie inver^ons also can totally 
change the solar access of the t»^ns sunound-' 
ing nMjor cites. An invention is a layer of cold air 
capped wHh a layer of wwm air that int^t)its verti* 
cat mixing of the atmosphere, trapping smog and 
haze in the lower layer. (See figure 12.) Like togs, 
inversions usually have sharp twundaries. Two 
sites, one atxive the inversion t>elt and one Iwtow, 
can haive en^ly (Afferent solar potentials. 



Assessing Shading by Naihiral and Man-Made 
Obtfeds ^ 

A shadow cast on a solar collector affects a s(Har 
energy system's energy production in two ways. 
Ftfst. of oourser^ie-reduction of the amount of 
sunl^jht collected (fiminishes the amount of light 
that can be converted to heat or other forms of 
energy. The second loss in energy efficiency re- 
sults from the radiation of heei from the ^laded 
portion of the collector to the cooler sunrounding 
air. Thus, it is crudal to site collectors so that they 
are not shaded. 



Because shadows affect solar cottectors, it is 
necessary to determine the sttadow of an ob}ect 
near a collector. This is called the object's shadow 
pattern. AMiough a somew^ crude method, the 
shadow pattern enabtes the site planner to iden* 
tify potential iocational problems in siting a solar 
ccrflector. 

A technique for drawing sttadow patterns is 
presented in the chapter on design approaches 
and in Appendix lit. The developer or site planner 
should study this technical material in order to un- 
derstand the techniques necessary for assessing 
shadows. At this point, however, a few generaliza- 
tions can be made concerning shadows and their 
effects on soiar access. 

A shadow paltem is ;he composite shape of a 
shadow cast by an object over a given period of 
time. Fbrthe sake of convenience, the boundartes 
of the shadow pattern are defined by the sun's 
azimuth— two shadows, one falHng 45 degrees 
northeast and one falHng 45 degrees northwest of 
a north/south Ine running through the center of 
the object. This, in effect, creates a right angle 



Figure 12. Inversions as Solar Access Constraints 



COLD AIR 



8tl» SetocHon and AMlyiis 



Figurt 13. GoNfdor BRcitney Lms by Shtdng 
A SOLAR COLLECTOR GAINS HEAT FROM THE SUN AND LOSES KE/^' TO THE AIR. 




AN UNSHADED COLLECTOR GAINS MORE HEAT THAN IT LOSES 



HEAT LOSS 




SHADING PMVT OF A COLLECTOR REDUCES HEAT GAIN AND LOWERS THE AMOUNT 
OF USABLE HEAT THE SYSTEM CAN PRODUCE 
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RqinvM. VWnltf md SunwiMrShMtavf PsMcns 
N 
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WINTER SHADOW MTTEAN 




S 

SUMMER SHADOW RATTERN 



whoM skies ar* aimed northeest and northwest, 
aa llgiMV 14 thoM. R)r inoat nofthem taWudes in 
mtd-wintar, the shadow pattern wM usually be 
formed aomaUine balMMan 8 a.fn. and 4 pjn. K 
raoraaanla avarv aool shaded bv ttie oUad ditfina 
1ti6 trttn Ihm pcirtod MMttd to fonn ttio H^ftA 
mgto, iltiough onl)f a portion of ttio shfldow ptt- 
i0ni mM bo shsctod 0t My ghwi tfcno. 

VWfittr ohadow pattorns wiN be longor than 
sunmior shadow fwttoma bacausa the sun ia 



lower in the sky. When pianning for solar access, 
therefore, winter patterns are more useful; f solar 
accesa is protected lor winter, then it ^ be pro* 
tected for summer, too. 



Aaaaaaing EidaUng Shading On A Site 

Itoea and buldhigs on ornear the site must also 
ba oonsidered in planning lor aolar access. The 
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shadow patttms lor obtscts both on and to the 
•outh of the stta are calculatad (using the 
tschniquss in Appsndbc 110. md housas an )o> 
catsd out of ttisir wa)^ Rsinanibarthatin aummar 
or in hot dbnates shadbM it rtaitrablo and ttwk>> 
canon Of sofna hh irasa or DWOKigs can oa usao 
to ttia divalopar*a advanlaga. 

K tpaaa or stnidufas cast unwanlad ahadows. 
than the divalopar nuy hava to oonsldar aHama- 
tivaa, audi as using datachad ooMactofs. If an off- 
aila ottfact casting ttia problain stiadow is a Ism* 
porary strudm, sbandonad, or ottisnvisa out of 
usSt ths davalopar oould considor nagodaling with 
ths ownar for Ms ranwval. 

Whan an adfaoanl stta to tha south is undo* 
valopad or only partly davalopad, tha davalopar 
may wish to pfotsd Ms sila agalnat shadkig fay 
fUtuia davalopmani on this a(|acsnt paroal. A pri- 
vats agraanwM iMlwesn nsighboring landowners, 
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pos s ibly wi osiSfMfiti msy Iw m spprapristo 
tsspofw. Thott isgtl slmtsQlBS ins dtocutsod 
in grftater detail in the chapter on private 
aQieaiMnls* 

nefnsfnbetf too* ttiat hMs and mountains can 
causa snaoing prooisnii on a ams* uavaiopniani 
l^j^ssits^) cl^ia^^ ^^1^^ ^Ja^(^j o^ hl^j^i stae^^ ^o^j^j* 
giaphical fasluraa may ba stiadsd during tsiga por- 
tions of tha day K a prpiscl is localadjustio tha 
east of a laiga liW, for ayampls, it is possMs that 
ttwaraamay ba shaded r slsi t wa ly aarty in tha af- 
tamoon. In Older to tocsto tlia davalopmafit wtiafS 
shadtoig is least a praMam. tha davalopar or sfia 
planner should ctiedc to eaa where the ahadows 
of topographic fsalurae fsM at varfoue timas in the 
wintsr. (Sea figura 1A.) Crosa-sactlons of ttie sHo 
can be drawn and critical sdar »glss analyzed to 
datennine where and what shadhig is Mealy to be 
a problem. 
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In addWofi to •waluMing mIv aocMt, the aite 
Dlinnf Of diwlopaf muit tho conihlar tht lite'i 

GraraCMniVGI VKl Jn9m pomHI OTVPi On QW* 
W OTWQy UM HI lUHM DUIKInQV* TfW mOOCIr 

mMP or • tw m mt Nnpontni utwiTWwn or mo 
Mioiifil of OMfpy ttiit mM bo noodicl lo hoot Md 
oool buldngt. Somo tilot oro wannor in 
wfniof ond ooolic in tumnof ttion oShofOu A silo 



that modocMot tomptroturo ond dtonittc ox- 
IfOfMo olso fnodowlto 0 biiidbiQ'^0 hootfno ond 
oooinQ noodOt ond ootor ooNoctoio wortt nioio 
onowioy on oucn 0000* 
Boitdti topoQiophyi ottior tMlOfi ihould bo 

C0fWO0fOQ« fVmO PW con DO OnOCIiQ Dy OwMigr 

caltf IdcoM tiooo or otondo of trooo. which con 
b« uMd to block cold winda in wMar and hot 
duaty winda in lufmnat ?aaa can alao channal 



EJJC, 



nQuioif, voomioii won Dwor Agvnii voio vwoir vwioi 
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RgurB 18. Regional CDmale Zbne Map 




cooling breezes to places wtwe they are needed, 
signifi^vitly towering the hoating or cooling load 
Of a building. 

^The presence of large bodies of water has a 
moderating effect on the microclimate of a site. 
fh&f also produce cooling breezes in the sum- 
mer. CBTcago's Lake Michigan shore area is 
cooler in summer and wanner in winter than In- 
land areas. Mountains and hills can act as 
wfncttMneaks and are especially advantageous 
when they are located in the direction of prevailing 
winter winds. (See reference to Olgyay and 
American Society of Landscape Architects in 
Appendix V.) 



*AIA nf9«arch Corporation. R^ion^t Quidehn^s for BuMng 
P$$$iv€ Ermrgy CoM^ving Homes. 
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Site Assessment Criteria 

So far this manual has offered some general prin- 
dptas of site selection. But it is also possible to 
make more specrfk; recwnmendatkxis based on 
regnal dimatk^ and environmental corKlrhons. 
Tlie map in figure 18 delineates regnal CHmatte 
zones for the contfnentat United States; the site 
assessment criteria suggest factors to look for in 
evakjating sites in each zone. A word of cautkm: 
the map boundaries are only approximatknis, and 
sites that fall on or near them should be conskl* 
ered on a case*by-case basis. 

The divisfon of the United States into the regions 
shown on the map is only one approach to defin- 
ing relevant regtonal climates. A recent publica- 
tion from HUO, for example* uses slightly different 
climatic categories and design criteria for buiki* 
ings.* Research into the use of regtonal cINnates 
as a design consideratton has just begun and is 
likely to lead to further refinements. 
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Slt9 Aatesafmnt Criteria 






SWna Guidelines 




Notes 




Beet 


Good 


Poor 




PacNIc 


StieHeied sites. 


Rsi sHes wHh wind 


Windy rklgee and 


Surrii^M cheiaclerlS' 




Medkmn slopes facing 


shsltor SheNow 


tittlops, especially 


tics change in short 




ftOuulHlABl to flOuul* 


fldnniif In nmr rlrar 


in Ofeoonand 


dislanose. Make sure 
this is your cHmate. 




east Ijook lor sAse 


tion (except north- 


WuMnglon. 




sheHsfed Ifom foQ 


weei> nornesai» anq 




vBgeraDOfi can vKir' 




and winds* both 


north in OiMon and 




csie fog and wind in- 




of wliictilism 


*** *-T|- - 1 ^ Ayl» 




cidence* f^Of examplet 




regular patteme* 


stooes omr IS oer^ 




fodwnndTt jfwMrale tog 






centsoufteastto 




stiesied cypress and 






BoulhuMt slopes 




Day SKicaie wwiQ. 






Vrii SiGMf Mil/ 










MaatmAda 






IWfVHVWWfi 


Midway up southwest 


Southerly slopes^ flat 


rtorYiwesv lo norm- 


Bewaieof stesnrilh 


Lowlsnds 




sltoe witti Qood eolv 


oastaiQpeSi imi nor 


evergreen tree ooverr 




shaUsrad tsv tnaee 


aooees and gsntle 


lows^ SKpoeed ridgeSt 


thevimiteoiar 

VHai^ ^n^H 




and toDOoraohvL 


east and west stopas* 


steep wast slopee. 




QraMBA8ia( 


Sites on lower, shel* 


Sites with south 


North slopes, oold air 




Com Arid 


tared south to south- 


orientation and wind 


drainagetandw» 






percent* 


■h altar 


posed ndgse* 




Arid 


Lower south and 


tipper south and 


North slopes (dUlicutt 






southeast slopes for 


eouttieast slopes; fltf 


solsr access) and 






early oool^seeson 


land. 


west slopes (afte^ 




Central 
VUtoy 


wanmth. 




rK)on overtieating 
pn)t)lems). 





Southern Any south-fadng srte Any south-facing site Avoid only steep 
CaMomia on moderate slopes, on moderate slopes, slopes to north, 
Coast northeast, and north- 

west; on more inland 
sitw avoid steep east 
or west slopes. 



This is the least 
exacting of any 
dmato. Oelsnnine 
whether ette is in a 
summer fog l)eltor in 
the simimer inversion 
layet 



Hot Arid South to southeast Bat land, cool air Scuthwast/northwest Sites near water tend 
slopes, flat (and, shal* drainages, cool slopes, steep north totwcoder. 
low north slopes. ridges. slopes, hot vafley 

lx)itoms* 



Cod North 


SheltMedsidsson 
gg^south-fadng 


Sheltered sites on flat 
ground or any slope 
southeast to south- 
west. 


Exposed ridges, nut- 
crests, riorth slopes, 
steep weet slopes, 
frost hollows, windy 
sites. 


South orientation and 
wind ^tetter are the 
l(eys* 


Central 

aSA7 

Mid-Atlsntie 

Coast 


Gentle southeast to 
southwest slopes with 
scattered, mature 
trees. 


Flat sMes, wooded 
sites, Ahettored 
slopes, steep slopes 
south to southeast. 


Windy ridges, steep 
north, northwest, or 
west slopes, unventi* 
tated depression. 


Look for winter sun 
and wind shelter, 
summer shade and 
t>resxes* 
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Site Assessment Criteria 



Region 




Siting Guidelnes 




Notes 




Best 


Good 


Poor 





Humid South 



Mature deciduous 
woodland on gentle 
south or north slopes. 



Mature deciduous 
woodtovK) on gentle 
slope in any direction; 
flat sites; scattered 
trees on steeper north 
or south slope; 
breiKiy ridges. 



Sites without 
tm^; steep 
slopes; treeless sites. 



Ljcxik for a t)alance of 
sun and shade» good 
summer bre«es, and 
mature deciduous 
trees. 



South Coast 



Mature deciduous 
woodtand on flat land 
orgeiMeslopes. 
Ridgtflops with good 
breesm. 



Mature deciduous 
woodtandonsteepe 
north-east or west 
slopes. 



Steep or shattered 
slopes any dbection- 
unventSated pockets, 
treeless sites» 



Mature trees and air 
movement are the 
to ooding here. 



topics 



Matwet)roadtear 
wQodtandessentialt 
ridoatops, north 
slopes, gentte south 
slopes. 



Mature txoadeaf 
trees on flat sites. 



'Reeless sttes, steep 
east and west slopes, 
airtess hoNows with^ 
out breezes. 



Ttvough breezes and 
mature shade trees 
are more important 
than sotar access. 
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Preliminary Site Planning 



ContMtrlng Solar Accms ObftctlvM 

Laveis of Solar Access 
Solar Skyspace 

Ibpography and Skyspace 
AsMtilng Local Rtgulatiom 

Barriers in Regulations to the Use of 

Solar Enefgy 
Solar Access, Density, and Environmental 

PfOtedion 

Conventiondl V&rsus Planned Unit Devetopment 
Site Ptennbig CrHerla and Procedures 

Prelimtnary SWe Planning Procedures 
SHe Analysis CbecMlst 
A Solar SHe Planning Exmple 



Once a site has been examined for access to ^rv 
li^, shading problems, and energy-consenHng 
features, the developer or sita planner can begin 
preliminary site planning. This chapter discusses 
preliminaiy site planning as a three-step process: 
first, sotar access goals are adopted; then, local 
regulations are assessed; finallyi a base map of 
the site showing constraints and opportunities is 
developed. 



Consklsring Solar Access Obfecttvet 

The develof>er's first task in preliminary site plan- 
ning is to consider the c^timum annount of sOar 
access for the development. In protecting the 
availability of sunli^ to solar collectors, the cto* 
vetoper must consider where the solar collectors 
may be located and how much area around them 
must be kept free of ot)structions. 



Levels of Sdar Access 

The collector locations fbr active and passive 
heating systems f^l into four categories: rooftop, 
south wall, south lot, and detached. (See figure 
19) 

Rooftop access may be the best altemative fcM" 
high*density developments or sites where topog- 
raphy or Ngh ncKthem latitudes make south-wall 
access (Mfficult or impossible. TNs level of access 
may involve the least number of design considera- 
tions, especially if buildings in the devetopment 
are all of the same height and not likely to shade 
one another For theese situations, site planning 
focuses on possible shading from trees or tall 
buildings in nei^boring developments. Rooftop 
access may be nDost appropriate for sdar hot water 
heating and active space heating collectors. 
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Preliminary Site Planning 



Figure 19. Levels of Solv Access 







Souffi-waS access is recommmded ^ almost 
every development situation, sim^^ because it 
leaves open the possibility of using either active or 
passive solar energy systems. South-wall access 
is particularty appropriale vAwe a developer is 
cnerety subdividing and not necessahty buKding a 
developmenL It presents a variety of sotar op* 
Dons for future lot owners. South-wall access can 
also be important when using roof-^nountod col- 
lectors, because south glazing can assist ttie 
solar energy system in space healing. 

SouMot access is more difficult to achieve 
than either roof or south-watt access. It may re- 
quire greater care in the siting of buildings and 
trees to minimize shading problems. Some cli- 
mates permit the use of a reflector to increase 
sunN^ ftdNng on a collector, and sooth-tot access 
may be necessary for the proper placement of the 
reflector. Where a light-colored or snow-covered 
patto is used as a reflector to increase radiation to 
the collector, these features should be considered 
by tfie site planner or dev^oper. Stmllarty. the use 
of a solai^m or solar greenhouse could require 
that south-lot access be considered a solar ac- 
cess ob|)ective. Fini^y. sou0i4ot access is also 
desirable in regions where residents make exten- 
sive use of yards and patios; souttvlot access can 
proKride a wamn, sheltered location tor outdoor 
activities. 
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D^hed coWsctor access can be considered 
in situations where rooftop mounting of collectors 
is not possible or desirable, for example, in heav- 
ly wooded areas j the vegetation must be 
preserved, or in hot climates where maximum 
shade is desire^e, detached active collectors 
offer a good compromise. Detached access may 
be necessary tor those sites wHh predetemiined 
plots and/or street layouto that have precluded 
good solar access. In wsvmer climates, where 
space heating may not be necessary but where 
solar water heating is important, the house can be 
shaded by nearby bees or sunscreens to reduce 
tiie need for air conditioning, and a detad>ed col- 
lector can be used. Detached collector anayscan 
be mounted in a variety of locations and can be in- 
tegrated other site uses, such as open space 
or accessory buildings. 

The developer or site planner may also vAeh to 
consider the effecte of solar access on ^e cooling 
needs of new residential development, particu- 
tarly in those regions where most residential 
energy is used ^ air conditioning. Ac^ sofar 
eooHnig systo/ns have \rirtuediy the same access 
needs as active sdar heating systems. High- 
temperature solar cdledors require direct access 
to sunlight in order to worit properly. Passive or 
natun^ oooHng systems have fewer access re- 
quifemertts than passive heating systems. Oear 
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access to the cool sk^ or unot>structed access to 
cooling winds is aH that is necessary. Maximum 
shading of txjilcfings using pas^e coding (to re- 
duce heat loads) is more important than solar ac- 
cess in hot climates. 

In most cases, a developer need miy decide 
twtween active or passive solar energy systems 
before being able to detennlne the necessary 
lev^ of sofar access. Generally the more solar 
access [Hovided. the greater the need for careful 
site (Manning considerations. As access changes 
from roof access to south-wan access to soutti'tot 
access, the placement of trees and structures be- 
comes more cnidal to prevent shading of these 
areas. 



Solwr Skyspaoe 

Once a devek^ has detemiined the level of 
sdar access for the project, the incHvidued unit of 
solar access, catted solar skyspaoe. must be con- 
sidered. Solar skfspace is that portion of the sky 
which must remain unobstructed for a collector to 
operate efndentty: in clher words, the area to the 
south of the collector that must be kept free of 
obstnictions wfwn the collector is in use. Sdar 
skyspaoe for most sdar heating systems is de- 
termined by the suh's position at the winter sd- 



stJce (December 21). when solar edtitude and 
azimutfi angles are smedlest and shadows are 
largest. 

As a rule-oMhumb. 12 degrees altitude can be 
used as a cutoff point for sdar ^tyspace. Roughly 
80 percent of the sun's energy is received when 
the sun is at or above 12 degrees altitude as Illus- 
trated in figure 20. 'Tbe sun is in this position be- 
tween 8 a.m. and 4 p.m. for most latitudes at 
mid-winter. This altitude corresponds to 45 to 50 
degrees azimuth either ^de of south, fonning a 90 
or 100 degree wedge; a line bisecting this wedge 
would point north/south. In most of the United 
Stales, betow 45 degrees north latitode, 45 de- 
gree azimuths are used to define sl^^ace. 
These limits are expressed in azimuths because 
dock time is often significantly different from solar 
time. 

Thus, the eastern and western boundaries of 
the skyspace may be defined by 45-degree 
azimuth angles. Ine altitude of the sun on Oe- 
c^t>er 21 and June 21 determines the upper amf 
tower boundaries of the skyspaoe In most cases. 
Figure 22 shows in two different views how the 
winter and summer paths of the sun conned with 
the east/west boundaries to define the skyspace 
area. 

The upper and tower sky^aoe twundaries also 
depend on the type of system to be used. For in- 



Figure 20. A i2>-Sotar Altitude is Necessary to Define Solar Skyspace for Active Coltedors 
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Pr^ffiMhaiy SKe Planning 



Figure 21. Solar SKyepace <Ran >AeW) 




Figure 22. Solar Skyspace (Plan arKi Isomalric ^Aews) 




Preliminary Planning 



Figure 23. Recommended Skyspaoe Angles for December 21 
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80% 
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85% 
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4y 


12* 


27* 


90% 
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(12^ 




68% 


4r" 




(12^ 


ia 


87% 



TheM/VPM angles presented in this chert are the same for both east of south and w 
^temple, tf the skyspace azimuth is S(r, then the prM 
west of south. 



*^The 5(r azimuths are not based on December 21st, but are suggested as a compromfee to assure 
solar access during the entire heating season exclusive of the winter so^ 
degree aMtudes a^ only to those HKmths when the sun^ path is 12 ti^^ 
within the 50 degree azimuth angles. See Appendix )l 



Radiation is based on the percentage of total available radiation falling on a horizontal surface on 
December 21. Example: If the skyspace bMmen 4SP e^ 

protected at 30" latitude, then 80% of the available radiation win s^ If the ooNector is 

tilled, then these percentages may be even high«: 



stance, a hot water system needs year-round ac^ 
cess, so the lowest winter sun an^e and highest 
summer sun an^ are used in defining skyspaoe. 
A epaoe heet^ system used only in winter can 
operate effidentfy with a lower sl^pace bound- 
aryi (See figure 24.) 

In either case, the upper boundary is not as im* 
portam as the lower The lower boundary is fornried 
by the sun's path at ite lowest point; on December 
21 the problem vvith shadow wil be most difficult, 
because that is when the shadows are tongest. 
Only for passive cooNng systems, which radiate 
heat to the cool r>ight sky arnj need an open space 
directly overhead in the summer, is this considera- 
tkm irrelevant 

In summary solar skyspaoe for heating pur^ 
^ ooees Is defined by the path of the sun on Do- 
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oember 21 between 45 degrees east and west of 
soutti. tn planning a development, tai^e objects 
capable of casting significant shadows should be 
located so that they do not intrude into the sky- 
spaoe wedge or extend above the lower boundary. 
Bgure 25 9hom three solar energy uses and de- 
scribes how the season during which each is used 
afreets solar skyspace. (Skyspace is discussed 
further in Appendix I.) 

By conMning the level of sofar access with the 
solar sk^ace, the devei(^r can determine 
exactly what area must be kept free of obstruc- 
tions. If rooftop access is the goal, for example, 
the indivkiual skyspaoe unit begins at the bulkling 
eaves (as figure 26 shows): if south-wall access is 
chosen, then the skyspaoe begins at the bottom of 
the south wall. 



Prettminary Site Planning 



FiguFe 24. Skyspaoe Boundaries for Water and Space Heating 




VWJER HEAHNQ 
REQUIRED YEAR-ROUNO 




Preliminary Site Planning 



Figure 25. Stcyspace and SotgrJ^iargy ^ 



Skyspaoa 



Spaoa Heating 



AirCondttioning 



\bar-round^-use tawest 
winter anrf Mghett flummer 
alttlude to detemdne ^ 
space 

Heating season only— uee 
lowest wtntor end medhim 
springWianHudetode^ 
termtoieslcyspeoe 

CooNng season only— use 
medkim sprtng/fal and 
highest summer aMtude to 
dstermine skyepaoe 
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PraMmtotary Site Planning 



Topograpliy and Selir Sfcytpaca 

Chaises In topography do not change solar 
sKys^ce. An unobstructed area is necessary on 
a alojpe fedng any directen. What does change is 
the dtetance between the ground and the lower 
edge of the 9ky8(>aoe. A south slope aulornalically 
"atms" its colector higher, so neighboring objects 
can be tan without casting shadows on it A collec- 
tor on a north slope wiN be aimed toward the crest 
of a hin. so even very short ohiscis may cast 
shadow onto the collector. Rgure 27 ittustrates 
tNs point 

Slopes can affect the developer's design 
strategies. On a south slope, for example, it is 
possible to put in higher densities of housing with 
imobstnicted solar access thm on north slopes. 
SimUuty, solar access miy be limited on sleep 
north-slopes unless density or tayout is changed 
to account for the lower solar skyspace over adja- 
cent lots. 



Land-use contrcHs establish developmem 
objectives— the density, the number and Wnds of 
structures aNowed within the development, the 
requirements tor Infrastnicture (such as sewen, 
electric Ines, and walsr), and tor pubic amenNles 
(such as open space), lb be approved by the 
comrrMKilty a dsvelopfnent proposal must meet 



But it may be unclear to ttrtiat extent local regu- 
lations offer opportunMes or barriers to develop- 
msnts plumed for solar access. ActuaHy; it de- 
pends largely on the type of development and the 
land-use controls Ni ellsct in the oommunityi A 
community, tor example, may have highly restric- 
tive zoning standards governing new develop- 
ment, standards that rule out sdar equipment 
Another, however, may haw flexible devetopmen l 
regulations, such as planned urUt development 
(PUD) provisions that dter developers a 



Rguie 27. Ibpography and Skyspaoe 
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SOUTH SLOPE 



MORTH SLOPE 



FLAT LAND 



DISTANCE A tS GREATER THAN B. AND B IS GREATER THAN C. 
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Prainiintfy SIto Planning 



RQun 2B> ShMlow LtnQttis An Stioftcr end HIqIw DsmMm 
EnieronSouiiSlopM 




FLAT 
X 



NORTH SLOPE 



SOUTH SLOPE 



OtSTATCE 'X ON A FUkT SLOPE IS LESS THAN DISTANCE ON A NORTH SLOPE. FOR 
IDENTICAL POLES. DISTANCE *r ON A SOUTH SLOPE IS THE LEAST 



dMi offlexiMity in buihing plac«mont and design, 

A dtvatoper oonsidei^i • solar development or 
c pfpfect ptmned foe eotorsocMs must elsoooiv 
sider polsnlW barrteiB presented fay local land- 
use controls. Discussed extensively in the conv 
panlon guidetKWk fay ttie American Planning As- 

Ottvwkpmmt, these oonoems are surveyed be- 
low. 



Developers wM find that in some communities 
zoning ordbiancM will contain provisions that 
technicaKy could prohitMt the use of solar energy 
systems. 

First, zoning height restrictions could prevent 
the use of rooftop collectors or other rooftop ^ 
paratus used in solar energy systems. UsuaN^ 
zoning provisions that Kmit height make sKoep- 
tions for antennae, chimneys, and simiar ancWary 
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exempted structures would permit the use of roof- 
too 

Second, restrictions on protections into side 
yards could prohibit the use of overhangs or other 
structures used in passive solar encHrgy ^riems. 
Some systems rsquire large overhangs or move- 
able roof covers that pftHy cover the yard at oer- 
tatot times. In most cases, certain protecbona, 
such as fire escapes or overhanging eaves, are 
exempted from these rsstricHons. As in the case 
of height restrictions, it may be necessary to mod- 
ify the overhang restrictions to permit the use of 
shattoQ devices. 

Third, maximum coverage restrictions could 
proNbit the use of ground-mounted collectors. 
Ibrraces, balconies, and pordies are not included 
in computing lot coverage; the same polcy could 
tM made for solar coSectors. Since it is not desira- 
ble for an entire lot to be covered with solar collec- 
tors, however, some Nmiied restrictions might be 
plaoed on the use of detached coMectors to pre- 
vent t|^. 



PMkniMry Sito Ptanning 



Dtw6lop§fs wM undoublMMy f80# olhar zoninQ 
ffltririiont and ottwr Mnds of fMulatfons (auch 

MBirsal ttM ofdtoanoaa) In thair ntflmct to usa 
aowr anaiyy aymcns. it is ma oavaiopara re* 
apomMI^ to ahow puMc olRcWa ttMt ttia oom* 
nwnily wM banaW if ttiaaa pcoviatona ara flaxttula 
anou{|h to pafmN raaaoiiabla aolaf davatopmafii^ 
Tlia oooipanlrin taoirfidofy guide^^ 
Itil In thit latpact 



Solar Aaeaaa^ Danatht and Envtranmanial 
P^otocHafi 

Local regutations establish development goals 
for both ttw oommunity and the daveloper. It is 
icely thai ono» banian to the u»« or instaiaition of 
solar anaigy aquipmant ar* idantlfied and almi- 
naM, oonflicia batwean solar accaas naads and 
local devetopment standards wM diminish, inmost 
caaas. good aolar acoaas sHa planning (i.e. plan* 
ning that takes into account environmental factors 
affecting the availatMlity of sunlight as well as 
anargy conservation) wili surpass the minimum 
development standards set forth in local regula- 
tions. Tha result will be a unique, innovativa. 
vwW pl a nned devetopment that is an asset to the 
oomnunity. 

Designing a devetopment for solar access does 
not have to oonfHct with conventional develop- 
ment standards. Density, energy conservation, 
anvironmantal protection, landscaping, and other 
objactivas can be accommodated easily while 
planning to promote solar access. 

Density concerns need not ruie out solar ac- 
cess planning. Depandbig on latHuda and topo- 
graphic oondWons. it is Mealy that fuK buHdout as 
autfKxized in local regutattons, can be maintained 
whNa solar access is stM protected. For eatampla, 
the recent study of a development indicates that 
densities of over eight dweing units per acre are 
possible even in latitudes as far north as New York 
City, provided that streets are oriented east and 
west* If townhouse or muHifamily development 
is proposed, then densities can go even higher 
wHhout sacrincing southMwaH access. Relativety 
high densities for singie-famity developments are 
also iXustrated by the examples of solar access 
developments in the chapter on solar site plan- 
ning; where densities <^ ovw seven dweUng units 



Q M'wti'nonyolRtditfdSMn.ylfionMnonSoMr AccMS. pp. t9>20. 
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an acre are easily achievable for both conven- 
tional and PUD devetopment at 37 degrees north 
laUtuda. 

Density becomes a crucial issue when the a^ 
has roWng topography and ralalively sleep ilopea. 
The dan^ty examples dtocussed above apply to 
flat or level sites, but density objectives can 
change dramatically, dspendtoig on slope gradleni 
and direction. For exarnole. hiol er den si ties mav 
be possible on south-fecing 8l(H>es t)ecauae 
shadow lengths are shorter. Conversaljit north- 
tpsing slopes, ei peciily staep ones, may reQuire 
reduced densMes if solar eooeaa is to be pro- 
tected. In PUDSt ttiese dMIeranoas In density can 
be balanced off-«oulh slopes on a site can be 
designed with densities higher than thoee au- 
thortnd. whUe north slopes can be more sparsely 
developed. In areas with poor solar aooasa poten- 
tial, aoter access goals miy have to be modMiad to 
achieve other development objectives— south- 
waN access, for exampie. may be mfaasible. leav- 
ing roof access as the next desirable objecth^. 
Tectmiques tor datennining density are discusaed 
in greater detail in Appendbt IV. 

Environmental protection is tAso compatible 
with solar access protection. Although solar 
energy use is not so dosety tied to environmental 
goals as energy conservation, the design options 
descitbed in this guidebook need not oonlHct with 
practioes tor con t i o ing rura^. open space pre- 
servation, and related conservation practices. 
When it is necessary for streets to toNowtopoff- 
raphy. it is still possible to site lots and butkSngs 
tor proper solar orientation and access. VWh good 
site planning, areas restricted from devetopment 
can be dedtoated for open space, and this open 
space can faciKtate both the environmental ot^ec- 
tive and solar access protacton. 

Another envirorvnental concern involves pro- 
tecting steep stopes from devetopment Although 
south stopes are particularly desirable from a 
solar access standpoint, soil oondWons or the 
severity of the stops may entirely restrict or pre- 
clude devetopment As in conventtonat develop- 
ment. buUdkig on auch stopes. when permitted at 
aH, is likely to be difficult and expensive. 

Meeting landscape standards may require 
compromise. Protect solar access wrilt some- 
times mean selectively removing trees, especially 
in forested areae—not dearcutting. but selective 
rwnovaltothesouthofbuiMings. Heavily forsM 
sites probably should not be devetoped tor solar 
energy use. This is (fecussed in greater detail in 
Itees and Landscaping. 

3!, 



OrwHtft plannino md design can aocommo- 
dMv ttitM ind olhtr MMtoonnMnM fMMctions 
iNMh tmifllniilt wl y and aoonofnic^^^t 



Local ortk m n m often give the developer e 
4JIUIM. rw cifi loiow pfwcnpnw laQiMiions oiai 
othmhi iTinniuni utmnB or ovMopiMni mn* 
danliw Mch at thoia in oonvanSonal zDnhu and 
aubdMaton oidkiancat. Or« ha may chooaa tha 
plinnatf imM davalopmant (PUD) optfon« which 
anamaa nin id naooaav wan ma ccvmiuniiy m 
oawgning a pfoftct ana oavanping a pavcat ot 
lano* ina fw a|ipniacn onaia gnaNf nasoDipy 
at lha coal of kioraaaad nra olannlftQ aaiort and 
nagoaaaoninia. oomaainaa ruu uuaiaiicaa oow 
tahn InoanMvaa. atidh aa danaMv bomisaa. to an- 
oouraM innovative site design or to secure 
amspiioa lor gte oonwNinitMt 

Die oevetopnient tiratogy and the sslecllon of 
particular ordinance provisions that aHow in- 
creased dtsign flaxMMy are Important oonsidera- 
ttons in planning development s tor aolir acosss 
protection, aseeesing the opttons dtocussed in 
IMs chtplf^ the developer alio should dstermine 
iMlNNher a spscMc approach is more suRsble undtr 
conventional or under PUD previsions. Where 
oonvenHonalxoniriflstendsrdsaresu Wtel e nt lyfteK* 
&ifl^ this may not bs an issue. But, when local rsgu> 
iaiMone are fairly specWic in their buBdkig spacing or 
otter lequlrsmsnts, the developer may be better 
00 with a PUD approach. 

Many adar developmenis were actually Iwift as 
PUOs. because the communities in question had 
not modHled their regulations to accommodate 
solar energy use or sdar access protection. Con- 
sequently, developers interested in prolscttng 
solar aooees had no choice but to proceed undsr 
the PUD approach. InddentaNK many developers 
who have buM or designed solar developments 
have reported few problems in negotiating with 
local officials about development review wwt 
approval.* 



SMe Ptenning Crtterle and Proeeduree 

Estat)li8hing site plannirm criteria typically in- 
volves answering such questions as: 



'But CMt* B t t titH Cofporatton. WoiUng Ptptn on Utftnt- 



Which varieties and types of housing are 
desired? 

What conlributtonwWsolafertei'oy and nahasi 
oocNra malte to tlw develoDinent^ oveni 
energy use? 

What use(s) other than twusing must the 
site include? 

and between bu!tetn y ^iw<rtop^r^piy 
required? 

What existing features of ttie site, both 
natural and marwnade, need preeerving? 
What yoMcular access is required? 



Many of these development decisione are 
already established by locel regulaUone. For 
eKample, tlie eHe might be in a zoning dMrict 
that aiows only tingle-famljii detached housing. 
% achieve ottter goals, die developer may have 
to petition fOr a rszoning or uae optional PUD 
provisions both d which nq^Jire negoHilion, In- 
creased development iislc« at^ Doesil)ty more 
time and cost. Other considerations include 
drainage, nMd stanctods, and open epeoe rs- 
quimneriiti. 

The preMninary layout of land uses on a sits 
can foiow two i|)proachee. the developer cen 
actiieve developmertt obfectivee by a prelminary 
layout that igrrnvs the identified opporlunitiee 
and constraints indtcaled in the bese map, in the 
tiope d overcoming ttieee Ibnitalione by tedtnlcal 
design. Atlemativel)^ the developer cen bese the 
prelminsry design of the project on the oppor- 
tunities and constraints shown by the prelminery 
sits assessment This second epproech is rsc- 
ommended in this manual, even though ttie 
sdar aocees sits analysis may increass Iront-end 
planning and development ooete over thoee an- 
ticipated for conventinnal development 

Because of the nature of edar energy technol- 
ogic solar aooees sHe plsnnlng requires careful 
preplanning. K a conventional structure is poorly 
planned tor energy conservation, the error cen 
be pertly cUM insttfing a larger fUmace. 
Sometimes increasing the eize or efHclenGy of 
the collector or modtfying the design of the house 
U> coneerve more energy can compensate for 
poor coHedor siting. Such struchiral modHica- 
tions include tripie-glazing wMows, bermlng or 
creating partly unde^froimd homes, and instsN- 
ing windbreaks. But then the benefits of using 
solar heat are negated, and the buNdkig muet 
rely more on conventional heating eowoes (but 



PfQiiminary Site Plannirig 



Rgure 29. Wind Buffers Can Reduce CoHector Are? 
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less so tfian if the building were not solar tem* 
pered). The heat from a solar coltector is tow 
grade when compared to the heat generated by 
a furnace. A solar collector is most efficient when 
it is well integrated with the natural features of 
the site. (See figure 29.) 

The most cost- and energy*efffcient use of 
sdar energy can be calculated by using certain 
computer models, such as HUO's RSVP (Resi* 
dential Solar Viability Program) or the Depart* 
ment of Energy*s SOLCOST program. Informa- 
tion about tfwse programs is available from the 
National Solar Heating and Cooling Information 
Center, which also offers guidance in dhoosing 
the optimum collector size for a specific dwelling. 
The economics of solar use are beyond site 
planning. As in conventional environmental site 
planning, careful site planning merely shifts costs 
to an earlier stage in the development process. 
They are recouped in lower construction costs 
and do not inaease total project costs. 



Preliminary SHe Planning Procedures 

Based on the analysis of the site, the developer 
or site planner can proceed to allocate the metjor 
land uses of the project, including housing, open 
space, and transportation. In practice, site 
analysis and preliminary site planning are ac- 
complshed more or less simultaneously tKit are 
presented separately here for simplification. 

Assessing a site for solar access and energy 
conservation is only a part of preliminary site 
planning. Developers must also decide which 
areas of a site are more desirable for building 
from an environmental standpoint. Some areas, 
for example, have more stable soils than others. 
The goal is to identify suitable areas for build- 
ings, open space, streets, and other components 
of the project. 

In analyzing the site, solar access and 
energy*con$ervlT)g features of the site should be 
identified and mapped on a base map^ The base 
map should be an aerial photograph of the site, a 
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Preliminary Site Plarmlng 



Figure 30. Base Maps Should Be Analyzed for Solar Access 
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topographic map, or a land feature sketch. (See 
figure 30.) The site can then l>e evaluated ac- 
cording to the site anafysis checklfst. 

StteAnelvtis CheckJIst 

1* Map topographic and major site feaUme^* 
tncficate Slopes and flat areas* 
Indk^e existing trees and burklings* 
Mark site elevations and contours. 
Mark alt stgniftoant natural features, such as 
water courses or historic sites. 



Map ait potervtiai solar access obstnictiorvs. 
Indicate individual trees, noting species, 
height, and whether evergreen or decidu- 
ous* 

Indicate all tall objects on the site or on ad- 
joining property thai can cast shadows on 
the site; estimate location and height. 



Indicate all north slopes or other areas with 
poor solar access, such as fog podcets. 
Sketch shadow patterns of major tall 
obstructions on the plan* 

Map atl energy-conserving factors of^a site. 
Indicate seasonal wind directions and fea- 
tures that can influence wind flows. 
Mark possible frost or fog pockets* 
Note bodies of water 
Note air qualty* 

Indicate ground surfaces, such as bare soil, 
pavement grass. Note reflective surfaces 
such as sand, water, concrete* 



Discuss the terrain and site BmitaHons with 
neighbors and oUier people familiar with the 
area* 
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Preliminary Site Planning 



A Solar Sit» Planning Exan^le 

How would the principles and techniques de- 
scribed be used In actuat practice? Let's take a 
hypothetical case to see how it is done. 

Rrst, the development objectives established 
in local zoning and sulxJivision regulations are 
compared to the base map developed as part of 
the site analysis. The easiest method for asses- 
sing these objec^ves and comparing them to 
both solar energy use and site constraints is to 
use overlay maps. Information is mapped on the 
overlays and placed over the base map and 
bubble diagram map to determine the suitability 
or unsuitatrility of site areas.* 

The first overlay should clearly show site con- 
straints that prohibit the economic development 
or that threaten the environmentat resources of 
the site- Ibis~ overlay can be labeled "Exclu- 



*A good cfisctission ol thts t^ctinrque for erwironmentat she plan- 
ning IS discussed in tfid Ptannrng Advisory Service's Caring for 



sions/' as in figure 3t^ Excluded areas can be 
considered for other uses that are consistent with 
the development objectives. 

Next» the solar access potentiat of the site 
should t>e mapped on an overlay and placed 
over the base map. The overlay should also 
suggest the solar energy objectives within the 
development, the cor^traints Indicated by the 
site analysis checkfist, and the regional tmllding 
climate criteria. This map should be overiaid on 
the exclusion map and base map to Indicate 
areas of optimal development poterYtial and solar 
access, as in figure 32. 

The site should then be examined for energy- 
conserving site fsatures* such as sheltered areas 
or trees that dam cold wind flows (town slopes. 
Poor energy-conserving features shouW be iden- 
tified on the base map» indudlr^ exposed ridges 
or frost-prone areas at the foot of north^aclng 
slopes. These frost pockets require greater care 
in building siting and may require larger collector 
areas to compensate for heat loss. (See figure 
33.) 



Figure 31. Site Exclusions Marked on the Base Map 




Pr^mirwy Site Planning 



Figure 32. Areas of Poor Solar Access Should Be Marked on the Base M^> 




lllllllj POOn SOLAR ACCESS jjljj ALREADY EXCLUDED 



Figure 33. Areas with Poor Ener^y-^Conservation Features 




FROST-PRONE AREA EXPOSED RIDQES 



Preliminary Site Planning 




The area that remains on the site map now 
has both good development potential and good 
solar access characteristics. This buildabie area, 
shown in figure 34, should be analyzed and 
housing allocations derived lor the site. 

At this point, preliminary site planning is 
finished. Housing and land uses are broadly allo- 
cated on the site according to environmental 
constraints and sotar access requirements. The 
next step is to examine specific strategies for de- 
veloping the site according to the development 
objectives and the site plan, so that solar access 
is maintained in those areas with good solar 
energy potential. This means designing land 
uses and housing that best use solar energy and 
minimize shading problems. These specific 
^ topics are presented in the following chapter 
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General Design Approaches 
and "fechniques for Solar 
Access 

Ttw fMationshIp of BulMing and Site Dtslgn 

Tile Roles of the Site Planner and Architect 
BuHdHng Height and Site Planning 
Site Planning and Ehergy Consofvation 

Building Orientation and Solar Acceaa 
CoNedor Orientation and Buitd^ OrienUtion 
Orientation Guidelines for Single-r^iiy Housing 
Orientation Guidelines for Multifamily Housing 

1!ichnk|uet tor Analyzing Solar Aceees 
Analyze Shadow Pattens 
Analyzing Shadow Prpfecticms 



Every site planner and developer knows that each 
development has its own constraints and 
peculiarities wNch affect the way it is planned and 
buUt. Many of these constraints already will have 
been idervtified in the sHe selection and prelim* 
inary site planning stages of the development pro^ 
cess. Still, the design of a development must in 
many respects be taken on a case*by*case basis. 
In considering solar access* however, certain 
bask: principles can be applied in virtually every 
case to plan the development for maximum use of 
solar energy systems. This chapter discusses a 
variety of design factors that protect solar access 
and a number of techn»ques that can be used to 
assess potential shading in a new residential 
development. 



The Relationship o< Building and Site Design 

Because the number of site design options for 
solar energy use is relativeiy limited* it is essential 
that solar energy planners take these restrictions 
into aocc^jnt The selection of a site and the pre- 
liminary evaluation of insolation and energy con- 
servation suggest some broad strategies for site 
devek)pment to minimize problems with solar ac* 
cess. But the actual use of solar energy and its 
integration into buildings on the site might be 
beyond the scope of the site planner; if so, this 
limitation should be recognized early in the design 
process. 

Building orientation* as we shall see, can be an 
important site planning concem* especially for 
solar space healing. Bui orientation also depends 
on the type of solar energy system being used 
and the probable location of the collector These 
last two factors may or may not already be deter^ 
mined by the time the site planner begins wori< on 
the project. A design or architectural element as 
fundamental as roof shape and slope direction, for 
examptei can have a sfgnifteant effect on how 
roads, kits, and buildings are sited in order to 
achieve proper orientation of both the building and 
the collector This interrelationship between ar- 
chitectural design and solar site design should be 
kept in mind M all times* 



47 



General Design Approaches and Techniques 
for Solar Access 



The Roles of the Site Planner and Architect 

Ideally, the site planner should be part of the total 
design teani from the beginning^ influencing ar- 
chitectural decisions that affect sotar energy use 
and recommending development layout and land- 
scaping. Where this ideal cannot be met, the site 
planner or builder must accept the building design 
intact and design the development to accommo- 
date the project's solar energy objectives. Realiz- 
ing this objective may mean careful site planning 
to take advantage of natural energy-conserving 
features of the site, and landscaping to moderate 
the extremes of climate and temperatures that 
can affect the performance of solar equipment. 



Similarly, the architect, when designing 
buifdings which use solar energy for space heat- 
ing, water heating, or space cooling, shoufd be 
responsive to the site's limitations. Site location 
or shape may suggest building layouts in wfiich 
broad areas of the roofs or south walls cannot be 
oriented properly for maximum solar access. In 
these situations, it is up to the archite<^ to de- 
velop alternative collector and building designs. If 
btjilding facades cannot be oriented east-west, 
for example, solar access must be limited to 
roof-mounted collectors or to a roof design using 
clerestory windows or skylights. Roof-top ootlec- 
tors, whether active or passive, can bring light 





Rgure 35. Building Design Can Assist Solar Access 



ACTIVE SOLAR 
HOT WATER HEATING 
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and soiar radiation Into a dwelling v^ich others 
wise cannot receive sunlight along ite longed 
wail (figure 35). 

This flexibility might also extend to Andaman* 
tal decisions regarding the type of sotar energy 
system to be used in the development aixl the 
location of solar collectors on a building. Roo^ 
mounted collector arrays are less lik^y to be 
shaded than south-facing windows simply be- 
cause of their greater height. Domestic water 
heating collectors are generally small enough so 
that they can be located on a k>t or building be^ 
yond shaded areas. Both allow sHe planning flex- 
ibility. On the other hand, passive space heating 
systems offer fewer site planning options, particu- 
larty with respect to solar access. 



Bttlldins Height and SHe Planning 

Another example of the relationsNp between ar- 
chitecture and site planning involves building 
heights. An obvious way to reduce fading by 
buildings is to lower their height (n higher lat- 



itudes, on north slopes, or in higher density devel* 
opmente, reducing building heights is a viable 
option to provide better south-wall sdar access. 

The amount of the height reduction to protect 
solar access depends on the shadow lengths 
created by latitude, topography, and the sun's 
position in the sky. The <teveloper must first look 
at ways to protect soutii-wall access^ tf there is a 
small differerice, say only a few feet, the redUc* 
tion may be more strongly justilled. tf not, then 
the developer may have to settie for rooftop ac- 
cess or whatever limited south-wall access is 
possible at the existing he^t. 

The necessary reduction in building height can 
be dMemiined by using the shadow pa^n or 
nortii shactow protiectibn techniques dtecussed in 
Appendix III, or by drawing cross-sections of the 
development and examining the critical solar 
angles. Proposed buikfing heiglits are incremen- 
tally reduced until the shadow pattem or shadow 
projection fits wHhln the lot aixl rosKl wklth di* 
menstons estatrfi^ed by the preliminary site plan 
(and, of course, by k)cal regulations). 



Figure 36. Reducing Building Height to Improve Solar Access 
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Rgure 37. WirKtt>reaKs as Solar Access Obstaictlons 




SOUTH-WAa 
ACCESS OBSTRUCTED 
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This architectural solution applies only to low- 
rise housing {such as townhouses, duplex and 
multiplex housing) and single-family detached 
housing. High-rise and mid-rise apartments are 
designed for maximum density; to lower them in 
height might require too much land. Lowering 
building height, therefore, may not be the best 
approach for all developments and all types of 
housing. 



Stte PIftnnIng »id Energy Conservation 

Any solar heated or cooled t>uilding can profit by 
energy conservation and energy-conserving site 
design. Optimal building orientation affects a 
structure's heat gain or loss, thus making the use 
of solar energy for space cooling or space heat- 
ing purposes more effective. Sensitive site plan- 
ning can also protect buildings against heat loss 
caused by cold winter winds and assist the 
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natural cooling of buildings in warmer regions by 
increasing the wind flow through the structure. 

As with collector and building orientation, 
energy consen/ation requires close cooperation 
between the members of the design team. Solar 
buildings must be energy conserving to operate 
effectively yet site planning can moderate cli- 
mate and temperature only to a limited extent. It 
is up to the solar desigrier or architect to design 
buildings that take maximum advantage of local 
dimatic conditions to maintain comfortable tem- 
peratures within a structure. Energy-conserving 
site planning can assist a building's solar perfor- 
mance only if the building itself is designed to 
take into account the local climate. Site planning 
alone cannot assure adequate solar energy per- 
fomiance. 

One way in which energy-consen/ing site de- 
sign affects solar access is by reducing the size 
or nunr^er of solar collectors needed to maintain 
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Rgure 38. Large Expanses of Roof and Wall Oriented to the Sun 




adeq'jate heat or coolness in a structure^ A 
txiilding that is tempered against the extremf . of 
wind, temperature, and dimate requires less total 
coSector area than does a structure that ignores 
the energy-conserving features of a site (figure 
29). Beskies reducing costs, energy-conserving 
site planning permits greater flexibility in locating 
the collector The collector area required for 
space heating in cold climates, for example, can 
be reduced significantly tf energy^conserving site 
([fanning is used^ The cottector can even t>e lo- 
cated on a lot or building outside an area shaded 
by adjacent vegetation or buildings and permit 
greater flexibility in both building design and de- 
velopment layout. 

The developer or site planner must be aware 
of possible tradeoffs, however, between energy 
conservation and solar access. For example, a 
landscaping plan that channels wind through 

o 
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buildings or that protects a duster of buildings 
against the cold winter winds can also cast ap- 
preciable shadov,^ across collector locations, as 
in figure 37. Similarly the arrangement of build* 
ings on a site to minimize heat loss by winter 
winds can also result in less than optimal solar 
orientation. In some casesi this can be corrected 
by modifying the design of the structure to orient 
the coUectors properly but in other cases aitema* 
five building layouts may have to be considered 
to assure proper solar access. 



Building Orientation and Solar Access 

In solar access planning, buildings should be 
oriented so that large areas of the roof and waHs 
receive solar radiation from the south. The pur- 
pose is both to ma>'imjze solar radiation and to 
controt the structure*^ heat gain and heat loss. 
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In discussing orientation, it is useful to speak 
of a building*s axis, the direction of the building 
along its longest dimensions. Because most 
single* and multifannily housing is rectangular in 
plan, the axis runs parallel to the building's 
longest sides. To receive nnaxjnnunn exposure to 
solar radiation and to mlninnize heat loss, tHJild- 
ings should be oriented with their axes running in 
an east/west direction, as figure 38 illustrates. 



*S«. fof example, "Enwgy arxJ the Buitder. Pr^r Srte QnenlatoOfi 
Saves Energy;" pp 83*91 



This general orientation rule applies for most 
types of buildings and for most areas of the coun- 
try In regions where solar energy is used pre- 
dominantly for heating, the building's east/west 
orientation exposes the longer walls and roof 
areas to the greatest amount of winter sunlight 
but offers the least exposure to the hot afternoon 
sun of summer, as f^ure 39 shows. In warmer 
climates, moreover, an eas^west building axis aK 
lows the best use of overhangs and trees for 
shading walls and windows and also prevents 
large areas of the struc^re from being exposed 
to the afternoon sun. Orientation, then, becomes 
as much an energy-conserving factor as it is a 
solar access factor* 



Figure 39. Proper Onentation on East/West Axis— 

GOOD WINTER ACCESS FOR HEATING AND SMALL AREA OF BUILDING VULNERABLE TO 

SUMMER OVERHEATING 
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lb compensate for improper onentatton, wall 
and window areas can often be shaded with 
sun-screens or overhangs to reduce heat gain to 
a building in the summer. Similarly, deciduous or 
evergreen trees or tall shrubs can act as a shield 
against the hot summer sun. But shauJing be- 
comes more difficult to use the more the building 
is off the east/west axis. Improper orientation can 
resuK in summer air conditioning costs ttiat offset 
the savings gained from sotar heating use in 
winter Rgure 40 illustrates the effect of improper 
orientation on a building's energy efficiency. 



Colltctor Orltntotton and Building OHentaHon 

The principle of east/west axis orientation applies 
to the siting of the building, not to the solar cd* 
lector. Provictod that the coNector is aimed gener- 
ally south, its orientation has only a minimal ef- 
fect on its effidency; sut>stantial variations from a 
due south orientation can be tolerated without a 
serious reduction in the collector s effectiveness. 
Figure 41 shows that a collector can be oriented 
35 degrees from due south and still be 95 per- 
cent efficient. 



Figure 40. Improper Orientation on North/South Axis— 

POOR w^^fTER heat gain and urge area of building vulnerable to overheating 
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The relationship between collector onentation 
and building crientation is subtle, yet crucial In 
the case of passive solar energy systems, the 
building's orientation is also the collector's orien* 
tation, especially when south glazing is incorpo- 
rated into the building itself, f^r active solar 
energy systems, there is greater flexibility in col* 
lector orientation, depending on the roof's shape 
and orientation (for rooftop collectors) or on the 
orientation of the collector mounting. Building 
onentation becomes important only to the extent 
that proper orientation enhances energy conser* 
vation. For domestic water heating, building 
orientation becomes less important. Active or 
passive water heaters depend less on the orien* 
tdtion of the building than on the orientation of 
the collector 



Orientation Gutcit lines for Stngt^-Family Housing 

The ty}»cal single-family cfetached house is sepa* 
rated from its neighbors and its access road by 
front, side, and rear yards; in this irtstance, orien* 
tation for solar energy use is not a crudal factor^ 
provided that the design of the structure can be 
accommodated to the variation from the ideal 
east/west axis orientation described above. Al* 
though the axis of detached structures can toler* 
ate several degrees' difference from the ideal 
east/west axis, a less*than*perfect orientation 
must be taken into account. Thus, the windows 
and south walls must be shaded frorr. the effects 
of the hot summer sun to prevent overheating in 
summer. 

The axes of passivoly heated homes or build* 
ings that rely on passive south*fadng collectors 



Figure 41. Effect of Solar Collector Orientation on Annual Heating Performance' 
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to supptenient the heat generated by active col- 
lectors can be sited up to 45 degrees away irom 
easVvtfest orientation; a variation of up to 45 de- 
grees can be tolerated. In other words, the build- 
ing axis can swing as far as northeast/southwest 
or nortbwest/souttieast without seriously affecting 
the solar access or thermal characteristics of the 
buiding, provided that awnings, sunshades, or 
overhangs are used to prevent overheating. The 
developer who fails to consider the problem of 
overheating in summer will find that the energy 
savhgs from space heating by sotar ^lergy in 
winter are more than offset by high air condition- 
ing costs in summer 

Setter shade control is possible if the building 
axis is restricted to 22,5 degrees either sid0 of 
the ideal east/west axis orientation. Not only are 



awnings and other architectural devices more ef- 
fective in such cases, but the side walls also can 
be shaded more easily by trees or accessory 
buildings. By restricting orientation from ESE/ 
WNW to WSW/t:NE, more roof area is given a 
south access, and active solar c(ritectors can be 
integrated with the structure. Figure 42 shows 
the optffnal and critical orientation guidelines for 
detached housing. 

In siting buildings to meet these guidelines, the 
critical factor is likely to be road orientation. Be- 
cause most local regulations require building 
lines to follow lot lines and tot lines to follow 
roadway alignment, building lines follow the line 
of the street Most r)ew single-family residential de- 
velopments, therefore, are built so that the long 
axis of the building runs parallel to the frontage 



figure 42. Long Axis Orientation for Detached Housing 
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45» VARIATION FROM IDEAL EAST/WEST ORIENTATION IS ACCEPTABLE. AND A MAXIMUM 
22 S° VARIATION IS BETTER. TO ASSURE PROPER WINTER HEAT GAIN AND SUMMER SHADE 

CONTROL 
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Figure 43. Sacramento County, California. Lot Orientation Criteria 

A STRAIGHT LINE DRAWN FROM A POINT MIDWAY BETWEEN THE SIDE LOT LINES AT THE 
REQUIRED PROMT YARD SETBACK (POINT A) TO A POINT MIDWAY BETWEEN THE SIDE LOT 
LINES AT THE REQUIRED REAR YARD SETBACK (POINT B). IS ORIENTED TO WITHIN 22.? OF 

TRUE NORTH. 
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EXAMPLE 




22.3° 



22.9' 
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ANY RESIDENTIAL LOT ORIENTED WITH THE 45" ARCS ILLUSTRATED IS CONSIDERED TO 
MEET THE REQUIREMENTS FOR SOLAR ORIENTATION. 
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road* with the building facing the street Some 
jurisdictions are changing this practice. Sacra* 
mento County, Califomia, requires all lots in new 
residential developments to be oriented within 
22,5 degrees from south, thus assunng a gener- 
ally east/west foad {and building) orientation * 

For o^munKies without roaoway orientation 
requirements* proper building orientation can be 
achieved l>y foltowing the guidelines discussed in 
the next chapter The developer or site planner 
should also remember that proper building and 
roac^vay orientation have the greatest effect on 
passrvely heated homes^ a considerable effect on 
actively heated structures with collectors inte- 
grated jnto roofs, and the least effect on dc^estic 
water-'heating collectors. 



Orfentation Gufdelines for Multifamily Housing 

Eastfwest orientation simply may not be possible 
for all types of housing. Duplexes, row and town* 
houses* quadnjplexes* and low-' and mid*rise 
apartments all have slightly different sotar aa:ess 
requir^ents and, therefore, different orientation 
concems. 



*Tft(S ordinance supporting rndni>orancla are discussed m me 
APA companion gutdedook. Protecting Solar Access m New ftss- 
identiaf Devetopment: A Guidel^ook for Ptanning Qtfiaats 



Duplexes are two-unit structures sharing a 
common wall Ideally for solar access to be pro- 
vided to both units, the duplex should be oriented 
on an east/west axis with the common wall 
bisecting the structure north and south. If the 
structure is oriented with its long axis north and 
south, then one unit will have most of its wall 
area exposed to the morning sun, and the other 
unit's wall will be exposed to the afternoon sun 
and overheated in summer In ad<^ion, both units 
will have poor sotar access in general Finally if 
the units are aligned east/west and have their di* 
viding wall aligned east/west, only the southerly 
unit will have good sdar access; the northerly 
unit will have no access to sunlight unless 
skylights or clerestory windows are used. Rgure 
44 illustrates these cases. 

When duptex units are stacked, the axis 
should be oriented from east to west like a 
single-family house. In this way both units have 
south-'watl exposure. While the bwer unit dees 
not have its own rooftop area for active collec** 
torSt shared coltectors over the second-'floor unit 
or a detached collector can be used. 

Quadruptex^ are structures containing four 
units with several common walls. Solar access is 
difficult to achieve for all four units, although the 
limited access can be maximized by proper 



Figure 44. Duplex Orientation 
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UNIT 



1 
2 
3 
4 



Figure 45. Quadruplexes 
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Roof/ East wall 
Roof/ East, SQMth wait 
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orienlation, Rgure 45 shows two common qua- 
druplex arrangements. Both have poor solar ac* 
cess, tn A, Unit 3 shades Units 2 and 4 while Unit 
1 has no access at all In B» only Units 3 and 4 
have south access. 



The best solution to this orientation problem 
might be to modify the design of the unit In the 
designs ni figure 46, alt units have good access. 
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Lx>w-rise apartments, row houses, and town- 
houses an M\cm similar orientation guidelines. 
In these structures, the Individual units should be 
oriented with their axes north/south, with the 
whole complex oriented east/west. This gives 
each unit one wall with a south access, thus as- 
^sting the structure's heating system during the 
winter months and allowing for proper shading 
during the summer to reduce air conditioning 
use. (See figure 47.) 



High-rise and mid-rise housing has a great 
fsnge of possible forms. f=tour common shapes 
are the single- and double-loaded corridor build- 
ings (figures 48 and 49), the caidform buHding 
(figure 50), and the tower t^ock (figure 51). For all 
^ ccur shapes, orientation of individual units is a 
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key consideration. The \<iea\ Is the single-loaded 
bultding with most of tts windows lacing south 
and the lon^i axis running east/west. Double- 
loaded buildings* however oriented, can expect 
limited solar access; an east/west alignment of 
individual units means probable overheating in 
summer, while a north/south alignment means 
half the units will have no direct sunlight during 
wint^. 



Tower btodcs also need as many soutt) win- 
dows and as few east/west windows as passible. 
In cooler climates, towers with four units per floor 
can be oriented northwestfsoutheast to provide 
good solar access for three of the four units. 
Cruciform plans are even better; although special 
care must be taken to shade southeast and 
souttTwest windows in summer. 

0 
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Figure 46. Single-Loaded Corridor 



Figure 49. Double-Loaded Corridor 
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SINGLE-LOADED CORRIDOR; 
ALL UNITS HAVE SOLAR ACCESS 



DOUBLE*LOADED CORRIDOR; 
HALF THE UNITS HAVE SOLAR ACCESS 



Figure 50. Cruciform High-Rise Onerrtations Rgure 51 . Tbwer Block Htgh-Rise Orientation 
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"tochniques for Analyzing Solar Access 
Although the layout of a development with solar 
access is quite similar to conventional develop- 
ment design, and allhough many of Ihe analytical 
techniques used in environmental site planning 
are equally apf^cable to solar developments, the 
site planner or developer can profit by consider- 
ing some techniques peciiliar to solar develop- 
ment. 

Two such techniques, which may be unfamiliar 
to many developers, can provide both a quick 
and oasy overview of solar access within a de- 
velopment; they are shadow pattern analysis ar)d 
shadow projection analysis. Shadow pattern 
analysis, as we saw in the first chapter, involves 
laying out the shadow pattern that buildings and 
landscaping cast during the period of maximum 
solar energy use* Shadow projection analysis is 
a drafting shortcut that can be applied to de- 
velopments using passively heated buildings 
wNch have south-wall access requirements* 



Analyzing Shadow Patterns 

Proposed buildings and landscaping in a de- 
velopment can be analyzed for solar access by 
using the techniques described in Appertdix 111 
Buildings and trees can be abstracted into a 
series of poles, corresponding to the height of 
the structure or tree, and shadow lengths pre- 
dicted for each pole position. The composite of 
the pole shadows gives an ap|:m}ximation of the 
total shadow that the object will cast* 

Shadow patterns can be standardized for build- 
ings and vegetation, provided that the terrain is 
relatively unifonn and the buildings themselves 
are similar Once the developer or site planner 
develops several shadow patterns to accommo- 
date the anticipated structures in the develop- 
ment, these patterns can be moved about the 
base map which was developed in the prelimi- 
nary site planning section; then a rough estimate 
of anticipated shading can be assessed. 

Where the terrain is unifonn, and building di- 
mensions known, the following procedure can be 
used: 



Step One: fdentify major building types and dimensions in the development 
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Step Two: Abstract me buildings into a number of poles 

B 

25 

\-X. 



28 



20 



^"'30 



40 



rr L_ -i'" 25 

30 



30 



18 



Step Three: Develop shadow lengths for each pole, based on skyspace azimuths. 



NOON SHADOW 
LENGTH 





AWPM 
SHADOW LENGTH 



8 





-J 



Step Four: Connect the ^dow length lines from the poles to dehve the shadow pattern of 

Hie building. 
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Step Five: Make a template of the building shadow p attems and arrange the shadow patterns 

on the site so that shading is minimized. 




BLDG. "C" 
SHADED BY 
BLOG. *'A" 
TO SOUTHWEST 



The pn>cedure is different on sites where the 
slope changes radicaRy, Instead of using shadow 
templates for the various building types, the site 
planner or developer must construct indivtduat 
shadow pattems for each structure, based on the 
terrain. Slope direction and gradient change the 
shadow lengths and shadow patterns. The 
shadow lengths tables in Appendix III must be 
consuMed for each change in terrain and building 
dimension. 

A similar approach can be used when the de- 
veloper does not intend to build the project but 
merely intends to subdivide and improve ttie larKl 
for others to develop, tn tNs case, the developer 
or site planner must approximate the final dimen- 
sions and locations of the buildings on the lots. 
The easiest way to do this is to examine the zon- 
ing ordinance and other regulations. Zoning ordi- 
nances frequently establish maximum height re- 
Q strictions, and this height standard can be used 
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to develop approximate shadow lengths for 
hypothetical poles for future buildings. Similarly, if 
maximum density is desired, then the buitdable 
area of the lots can be approximated by taking 
the subdivision plat and subtracting zoning set- 
backs from the lot Kne boundaries. What results 
is a definition of the largest possible structures 
that legally can be built on the site. Rgure 52 il- 
lustrates this technique. 

The developer or site planner might find this 
approach too restrictive to meet density objec- 
tives because it assumes a maximum buildout 
that may never occur (even if it is allowed under 
local regulations), As an altemattve the developer 
can exafTune nearby, completed developments 
whose residents represent the target group for 
marketing. The site planner or developer can as- 
sume that similar buildings of simitar dimensions 
will be built in his subdivision and can base his 
shadow pattern templates on these existing 
structures. 
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Figure 52. Shadow Patterns for Subdivision Lots 
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Figure 53. North Shadow Proiection Distarrce Compared to Shadow Pattern of a Pole 
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Rgure 54, North Shadow Projection laijle 
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These rigure^ are approximate. At some of the higher Jatrtudes and steeper siop«iSp rotinding off may result in slight en^or For 
further dfecussion. see Appendix lir- 



Analyzing shadow Projections 

A north shadow pro\ec^on is the furthest point 
north that a shadow reaches. Analyzing north 
shadow projections is a quick method to deter- 
mine solar access for a proposed development 
and can be used as a rough method to assess 
the effect of shadows in a residential project. In 
order to prevent shading of the collector, the 
planr>er or developer can use the shadow projec- 
tion technique to determine the minimal distarKe 
needed between the colledor and objects lying 
to the south of it. This rpethod is most useful in 
developments where south^all access is an ob^ 
jective and where streets are oriented in an 
east/west direction. 

While the shadow pattem technique is the 
most accurate representation of how much space 
a specific shadow covers, a shadow projection is 
still useful for a broad^scale analysis of an entire 
development. The shadow projection distance 
can be used, for example, to determine the 
minimum spacing between two rows of town- 
houses or detached structures situated north 
and south of each other, and, ultimately to de- 
temiine the maximum development density that 
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will meet sdar access requirements. Techniques 
for determining density using this techni{]pje are 
present in Appendix IV. 

As figure 53 shows, there is a geometric rela- 
tionship between shadow length and north 
shadow projection. The greater the shadow 
length, the farther north the shadow projection 
distance. The very factors that affect shadow 
length — nortfi/south slopes, latitude, and shadow 
azimuth angles — also affect the north shadow 
projection distance. In most cases, the shadow 
projection distance will be less than the shadow 
length during the moming and aftemoon, but it 
will be greater than the noon shadow length for 
an object of unifomi height. 

Shadow projections can be derived from figure 
54. The values in the table represent the ratio of 
the north projection of a shadow's length to the 
height of the object casting it. To find the projec- 
tion of a lO^foot pole at 30 degrees north latitude 
on a flat surface, multiply 1.9 (the value for the 
north projection obtained from the chart) by 10. 
Thus, 19 feet is the furthest distance north that 
the shadow of a lO^oot pole at 30 degrees north 
latitude will reach (between the moming and af- 
temoon cutoff points). 
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For sloping surfaces, it is necessary to deter- 
mine the north or south slope before referring to 
the table. When the slope is known, the value 
lOund for the appropriate percentage and direc- 
tion of slope is multiplied by the height of the ob- 
ject in order to arrive at the north shadow projec- 
tion. At the same latitude, a given object will cast 
a longer north shadow on a north slope than it 
will on an equal south slope. 

The examples in figure 56 show that shadow 
projections can be more complex than the pole 
example. The figures illustrate the shadow pro- 
jection distances for two buildings, one oriented 
due south and the other southeast. The shadow 
projection distance marked in these examples 
indicates how far north other buildings must be 
located to avoid being shaded by each other, re- 
gardless of the building orientation or the direc- 
tion and degree of slope of the site. 



Analyzing shadow projections for proposed 
developments involves comparing shadow pro* 
jections based on proposed building heights with 
the likely distance between buildings. Yard set* 
backs and street rights*of*way are added to^ 
gether to predict an average distance between 
buildings. If the shadow projection for a buihJing 
of average height is greater than this distance, 
solar access is Mocked to some extent. If the pro* 
jection distance is less than the building spacing, 
solar access to south walls is secured. 

North shadow projection distances are gener- 
ally measured from the highest point of a buikJing 
to the soutn, to the south wall of a building to the 
north. Where the highest building point is the roof 
peak, then the distances are measured from the 
roof peak. Where the south-lying building has a 
flat roof, then the distance is measured from the 
highest point of the roof slope. Figure 57 illus- 
trates these measurements. 



Figure 55. Generating Slopes ior Shadow Projecttons 




SLOPE IS TO SOUTHWEST 



KNOW THE DEGREE OF CHANGE 
FROM NORTH TO SOUTH TO USE 
RATIO CHART 
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THESE DISTANCES ARE THE NORTH PROJECTION OF THE BUILDING SHADOW. 



Figure 57. Measuring North Shadow Projection lor Flat and Peaked Rocis 




60' SHADOW 
PROJECTION 

FLAT ROOF: MEASURE FROM NORTH WALL 



60' SHADOW 
PROJECTION 

PEAKED ROOF: MEASURE FROM ROOF PEAK 
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To illustrate the use of this technique, consider 
a hypothetical development on a 5 percent north 
slope at 40 degrees north latitude. The hx:al reg- 
ulations require a 40-foot road right-of-way and 
30-f6ot setbacks for front and rear yards. Each 
lot is 100 feet deep arnJ designed ^ong east/west 
streets. Eacti building is 40 feet tleep arnJ has a 
peaked roof running parallel to the building axis. 
The zoning ordinance allows a maximum building 
height of 35 feet. The developer wants to know 
whether buildings of this height will shade the 
south walls of adjacent buildings to the north. 

Using the north shadow projection table in fig- 
ure 54, the developer can assume that a 35~foot 
tall building will cast a shadow 140 feet to the 
north of the roof peak (4.0 x 35' = 140). This 
shadow projection distance is compared to the 



separation distances (30' + 40' + 30' 100') 
between buildings to the north and south of the 
roadway; see figure 58. Because the north 
shadow projection exceeds the separation dis- 
tance» rt can be assumed that the building to the 
north will be partially shaded by a 35-fdot tall 
structure lying to the southeast or southwest 

To obtain south-wall access to buildings north 
of the roadway, rt becomes necessary to reduce 
building heights. If the separation distarice be- 
tween buildings is known, building heights can be 
incrementally reduced until the north shadow pro- 
jection distance is less than or equal to the sep- 
aration distance. Figure 59 shows that a 2B-foot 
tall building can be built without shading the 
south wans of buildings to the north of the road- 
way. 
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Figure 58. South-Wall Access Limited by 35-Rx)t Tall Building to South 
140' NORTH SHADOW PROJECTION 




40" right-of-way 



Figure 59 South Wall Access Protected by a 28 Foot Talf Building 
112' NORTH SHADOW PROJECTION 




40' Right' Of -Way 
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Specific Design Strategies 
to Protect Solar Access 

Uying Out Roads 

East/West Street Orientation 

Onentatkm Guidetines for EasUWest Streets 

Using Street Width as Sotar Access Buffers 
Lot Design Strstegies 

Lot Orientation on East/Vhtost Streets 

Re<ftjcing Frontage on EastAAfest Streets 

Lot Layout on North/South Streets 
SHtng Strstegtes for Sln^^Rimily Oetiched 

Housing 

Equalizing Sotar Access 
Zero Lot Une Strategies for Solar Access 
Unifbrm Setback Requirements fOr Solar Access 
placement of Garages. Carports, and Fences 
Siting Stfstogles for Low-Rise Multlfamlly 
HouMng 

Applying Siting Techniques from Single-Family to 

Muttifamlly Housing 
Site Planning Mulrifamily Housing as Large- Area 

Uses 

Siting Strategies for HIgh-RIss Housing 
Planning Open Space 

Using Open Space as a Buffer 
Using Open Space as the Location fOr Central 
Collectors 
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Convenliona] site planning invotves the planning 
of n^ds. lots, buitcfings, open space, utiltSes, and 
other public facilities within a development. Site 
planning for solar access adds V^t arwther di- 
mension to these conventional planning con- 
cerns. This chapter offers a number of al^ath^e 
solar-access design strategies for each functional 
aspect of site planning. In some cases, the choice 
of strategy may be confired to only a few altema- 
thfes by local regulations or the peculiar charac- 
teristics of the site* whereas other development 
situations may permit several alternatives to be 
considered concun^ently. 

A note or two t>efore getting into the specifics. 
First, many of the examples presume passive 
space heating and south-wall accass. Since this 
is the most restrictive situation for solar energy 
use, if access can be protected for this use of 
solar energy, then it can also be protected for ac- 
tive space heating, natural cooling, and domestic 
water heating. By (Hotecting south-wall access, a 
develc^r opens options for future sotar erwgy 
use, because protecting a south wall from shad- 
ing also automatically protects the south roof 
area. 

Second, if any of the suggested strategies 
pose undue restrictions on other development 
objectives, the developer can consider changing 
the type of solar access. For example, if achiev- 
ing south-wall access prevents the developer 
from meeting his density objectives, he can 
switch to solar technologies using rooftop ac- 
cess. Moreover, the developer should recognize 
the interrelationship of various design elenwnts. 
Changing street orientation, for example, can 
also change lot and building orientation. The de- 
tailed site plan should be kept consistent with the 
development objectives presented in the orelimi* 
nary site plan and site eva'-^atior. 
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Figure 60. Subdivision. Davis. California 




Laying Out Roads for Sotar Access 
The street and road system of ttie development 
is one of the major design elements of the site 
plan. Not only is it the single greatest construc- 
tion, but it acts as the framework for lot and build- 
ing layout, greatly affecting solar access to the 
development. In designing a road system for e 
new residential development, the site planner 
can incorporate the following solar access design 
strategies into the conventional design objectives 
of the transportation system. 



East/West Street Orientation 
One of the best ways to assure proper solar 
building orientation, especially under conven- 
tional development practices, is simply to run 
streets from east to west. This makes possible 
southern orientation of the greatest nu^nber of 
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buildings. The technique is being used in solar 
subdivisions in California. Figure 60 shows a 
subdivision in Davis, California, with all solar- 
equipped homes. Most streets run from east to 
west, with short north/south collector streets. 
This development was a PUD, but even con- 
ventional developments can use a similar street 
layout. 

Unfortunately, it is not always possibfe to orient 
streets from east to west. Topography may de- 
mand that streets follow elevation contours to 
minimize grading costs and to prevent erosion 
and runoff problems. But collectors (and build- 
ings) still can receive adequate sunlight even if 
not oriented due south; that is, considerable vari- 
ation from an east/west orientation is pQSsible 
without severely limiting solar access to the 
development. 

Where site constraints dictate that streets be 
oriented north/south, solar access can still be 
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protected by reevaluating the type of solar ac- 
cess; for examptep by using roof'mounted collec- 
tors facing south or by modifying the design of 
the building. In some areas of the site* however, 
the topographic constraints may be so over- 
whelming that only conventional development 
techniques can be used. 



Orientation Guidelines for EastAVest Streets 

Building orientation, as noted above, generally 
depends on street orientation. Because proper 
building orientation saves energy in most 
homes — and is absolutely crucial in homes using 
passive space heatirrg—it is useful to consider 
regional orientation guidelines for streets in new 
residential development, Rgure 61 divides the 
country into a number of geographic regions, 
based on shared climatic charac^ristics (such as 



temperature, humidity, and heating and cooling 
needs). In figure 62, an optimal street orientation 
is suggested for each region. The range of orien* 
tation angles from the east/west idea is only ap* 
proximate* with some variation caused by such 
factors as topography, existing buildings, road 
alignments, or weather conditions (morning fog, 
for example). But these roadway orientation 
guidelines will assure proper lot layout and build- 
ing orientation for solar access and energy 
conservation. 

Of course, regional guidelines for street orien* 
tation must be used cautiously, especially for 
sites near regional boundaries. Nor is this the 
only possible way to delineate regions. As re- 
search continues on the use of climate as a de* 
sign tool, other ways to categorize the various 
climatic regions of the country undoubtedly wilt 
be developed. 



Figure 61. Regrona) Climate Zone Map 




Specific De^gn Strategies to 
Protect Sdar Access 



Figure 62 Suggested Street Orientations 



Climate Zone 




Street Orientation 


uoot North 


/1 -~r-~-K 


cosuwesi wtin \\j variaiion lo nonnwssi 
and 25^ variation to southwest. 


Hot Arid 




East/west wtth 2S" variation to 
southwest. 


Humid South 




East/west with 25° variation to 
southwest. 


South Coast 




East/west wjth 2Cf variation to northwest 
and 35* variation to southwest. 


Central States/ 
Mid- Atlantic 
Coast 




East/west with 25"" variation northwest 
and southwest. For early morning 
warming, a 25° variation to the 
southwest is preferred. A northwest 
variation can cause sumnner overheating 
of western windows^ if not properly 
shaded. 


Florida Tropics 
Natt^al cooling 
strategy 

1 — 




Onent buildings for maxinnum use of 
breezes. Streets shoukJ run with 
direction of prevailing wtnds. 

1 


Sotar air 
conditioning 
strategy 




East/west with 25"" variation in either 
direction. 
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Climate Zone 




Street Orientation 


Northwestern 
Lowlands 




East/west with 25^ variation to 
southwest. 


Pacific Fog Belt 




East/west wUh 30^ variation in either 
direction. 


Cold Arid/Great 
Basin 


^ 

N V 


East/ west. 


Central Wafley/Arid 
Southwest 




East/west with 3(r variation to 
southwest. 


South Cahfornia 
Coast: Areas on 
coast 


\ 

\ 

K 

45° f 

/ 


East/west with 45^ vanatjon in either 
direction. 


^ Inland Areas 




East/west with 35* variation to ^ 
southwest. 






\ftiriation to face northwest is rrot 
recommended for inland areas. 
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Uitng Street width w Solar Accew Buffers 

Street width can be used to separate buildings 
from each other and to increase tl^ie distance be* 
tween solar collectors and potential obstructions. 
The road right-of-way reservation required in 
many subdivision regulations can be modified in 
some situations to increase the distance between 
buildings on either skJe of the street or to increase 
the distar^ between a building and a street tree 
lyir^ to the south. In developments with several 
housing types on east/west streets, placing taller 
buildings on the south side of a street and shorter 
buildings on the north side can help reduce shad- 



ing, as figure 63 illustrates. Major streets or high- 
ways can be especially good sdar buffers if they 
are effectively located, because they do not need 
sdar access, lb use roads this way is better than 
usinq valuable open space as a solar buffer 

Using streets as solar access buffers is not 
appropriate in northern latitudes, where sun 
angles are low and shadows are long. Narrower 
street width standards are more appropriate in 
southern climates, where the emphasis should be 
on ways to minlrrtize pavement heating by the hot 
summer sun and to allow more effective shading 
of streets by street trees. Of course, present and 
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Figure 64, Lot Orientation on intercardinal Streets 




Maintaining south orientation of housing where streets are shifted from the east/west axis. Angle A is 
formed by the intersection of north/south with a line connecting the southwest comer of one house to 

the southeast comer of its westem neightx)r. 



future traffic load and circulation objectives must each lot with long axis running north/souths so 
also be considered* as must be the requirements that conventionally sited buildings are oriented to 
of local regulations for non-PUD developments. the south. 



lot Design Strategies for Solar Access 

In most conventional single*fami!y developments, 
the long axis of each lot is perpendicular to the 
street, whife the long axis of the home is parallel 
to the street. In most townhouse developments, 
both the long axis of the building and the long 
axis of the lot are perpendicular to the street. In 
designing a project for solar access, the de- 
veloper wants eac"* building to be oriented to the 
south, that Isr with its long axis running east/ 
west. He can design the development with the 
streets oriented from east to west* so that the lots 
and buildings also are oriented east to west. Or 
he can ignore the street orientation and orient 



Lot Orientation on EastWest Streets 
The corollary to easi/west street orientation is 
north/south orientation of the long axis of lots. 
When it is not possible to run streets from east to 
west, lots still can be platted so that they have 
proper sotar orientation. If streets must run from 
the riorthwest to the southeast* for example, then 
lot lines can be laid out at oblique angles to the 
street, as pictured in figure 64. The diagram 
shows the tong axis of the lots running from north 
to south, making it relatively easy to site the 
houses for maximum solar orientation. Note: 
Angle A (shown in figure 64) must be 45 degrees 
or greater to prevent the south walls of the 
houses from being shaded by their neighbors. 



75 



specific Design Strctegies to 
Protect Solar Access 



Rgure 65, Reducing Frontage 




Redtictng Lot Frontftga on EestWMt Strtett 

Reducing the frontage of tots on east/west 
streets is one way to improve solar access. 
Keeping lot size constant while reducing frontage 
results in lots tfiat are naaower from east to west 
and longer from north to south, with more dis- 
tance between buildings from north to south. 
Thus, better solar acc<^. Figure 65 illustrates 
how ttiis worlcs. The example is based on cond^ 
tions of 40 degrees north latitude, a five-percent 
north slope, a 25-fOot front yard, and 28-foot tall 
builcttngs. In Case A, with 75 feet of frontage, the 
north shadow projection falls on the more north- 
erfy building. By reducing the frontage to 60 ^t 
and lengthening the lot, as in Case B, a 112^foot 
north shadow projection can l>e accommodated 
Cbviouslvi this opion means a reduction of side 
yard space and gives a development a more 
clustered look. 




For lots located on streets that are not oriented 
east to west, changing frontage does not neces- 
sarity improve solar access. To improve solar ac- 
cess for buildings on a north/south street, the 
frontage would have to be increased to such an 
extent that the result would be short, wide lots 
with large frontages. Such lots cost more for 
streets and utiRties and have less yard privacy 
than conventional lots. An exception could be 
made for multifamily townhouse development 
with long, narrow buildings and lots. (See the fol- 
lowing section on multifamily development) 

On angular or intercardinat streets, changing 
the frontage is again of limited value. Fbr houses 
on such streets, morning or afternoon shading is 
the real problem. Reducing frontage onty makes 
the situation worse. In some cases, though, slight 
increases in frontage could improve solar access 
by providing a greater buffer against morning or 
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afternoon shading. Whether a change in frontage 
improves solar access in these cases depends 
on the specifics of the site. 

Changing frontage to promote solar access in 
multifamily housing depends on the type of mul- 
tifamily units. Par duplexes, reducing the frontage 
on east/west streets improves solar access by 
deeperring the bts^ Provided that the long axis of 
the duplex parallels the street. The situation is 
nearly the same as for the single-family houses 
shown in figure 65* 

FDr townhouses or apartment buildings, reduc- 
ing frontage is a less useful tool for protecting 
solar access. Townhouses (and apartments) 
usually are not subject to frontage requirements 
but are governed by such requirements as floor 
area ratios* Even when such developments must 
meet a frontage requirement, it is often impos- 
sible to improve solar access by changing 
frontage* 



Lot Layout on North/South Streets 
When streets cannot be oriented from east to 
west, even on a diagonal, siting buildings for 
proper solar orientation becomes more of a chal- 
lenge. There are two ways to maintain proper lot 
orientation on north/south streets: by combining 
lots and l>y using *1lag** bts. 

Combining lots is especially useful where the 
lot layout has already been dictated. Two lots that 
abut each other on the north or south can be re- 
platted; the buildings lying close to each other in 
an east/west orientation provide maximum solar 
access, as figure 66 illustrates. The technique 
calls for a departure from conventional single- 
family, detached housing design. The houses pic- 
tured are duplexes, although it would be possible 
to use detached units in a similar way* The de- 
vebper must consider whether the added benefit 
of proper solar orientation balances any market 
desire for more traditional building siting. 



Figure SS. Combining Lots for Proper Orientation 
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Figure 67. Using Ftag Lots for Proper Orientation on North/South Streets 




Frgure 68. Mobile Home Orientation on North/South Streets 
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Figure 69. Reducing Setback to Equalize Access 
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Reducing Setback to Equalize Access 




20' setback 



Hypothetical site, flat at 40°n. latitude, with a shadow projection of 87.5' fOr 25'^high buildings. 

In A. only buildings to the North of road rightK)f-way have south-waH access. By reducing setback by 
10' (from 30' to 20'), all structures have soulh-wall access in B. This affects shading only by buildings; 
street trees must be regulated to prevent shading problems. 



The flag lot technique is used when the streets 
are spaced so far apart that four lots can be run 
in an east/west direction* with the "pole" of the 
flag connecting the inner lots to the street. Figure 
67 shows how. This technique unconventiona' 
and might not be allowed under local negufations. 
Although it may result in higher utility connection 
costs for the inner lots, it does have the benefit of 
creating conventional spacing between the ends 
of buildings. 

Where buildings are fairly short* as in mobile 
home developments, it is possible to have good 
solar access even on north/south streets. See 
figure 68, 



Siting Strategies for Singie-Romily 
Deteched Housing 

Along with site planning for streets* planning for 
solar access requires consideration of the siting of 
buildings, llie discussion of building siting begins 
with single-family detached housing. 



Equalizing Solar Access 

In developments where buildings are sited in the 
traditional way with front, side, and rear yards, 
some buildings usually have better solar access 
than others. As figure 69A shows, in higher den- 
sity distficts the rear yards of buildings sited on 
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east/west streets rnay be relatively small. As a 
result, the distacKie between houses that back on 
each other (m the illustration, 75 feet) is less than 
the distance between houses that face each 
other (115 feet). Consequently houses on the 
south side of the street are shaded. 

But it is not always necessary to change the 
zoning provisions to improve solar access for the 
shaded buildnngs. Depending on latitude and top^ 
ography, adequate solar access may be pro- 
vided under standard sett>ack requirements by 
means of a simpfe adjustment. By reducing the 
front yard setback and increasing the rear yard 
setback, the distance between houses that back 
on each other and houses that face each other 
can be made nearly equal. In effect, this moves 
all the structures closer to the street and im- 
proves solar access to the houses on the south 
side of the street— as figure 69B illustrates. 



The precise change in yard space depends on 
the latitude, the topography, and the orientation 
of the structures. Generally, this technique is 
most effective on east/west streets, although it 
may also work on diagonal streets. Lots and 
houses on streets oriented from north to south 
would not gain anything from this strategy, be- 
cause the streets do not offer any additional buf* 
fer from shading. 

This remedy works only for shading by adja* 
cent buildings, not by street trees. Unless vegeta- 
tion is carefully selected and sited, moving 
houses nearer to the roadway could mean that 
the houses and their collectors woUid be shaded 
by the street trees— actually decreasing rather 
tha.-^ increasing solar access. This strategy 
should, therefore, t>e considered only when vege- 
tation is strictly controlled according to the design 
strategies discussed in Trees and liandscaping. 



Figure 70^ North Zero Lot Line Sitinr 
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Figure 7i. South Building^C^ientation 




BUILDINGS FACE /\ 
SOUTH EVEN \ 
THOUGH LOTS 
DO NOT 



Zero Lot Une Strategtes for Solar Access 

One design option that is particularly useful for 
protecting sdar access in any development is a 
variation of zero lot line siting, an innovative 
technique in which buildings are sited so that 
they abut property lines. For solar access, allow- 
ing buildings to abut the north lot lines provides 
the greatest possible yard area to the south of 
each building. Figure 70 shows how this works. 

Siting buildings this way gives each 
homeowner maximum control over the place- 
ment and size of accessory buildings and trees. 
It has the added benefit of increasing the dis- 
tance from trees and buildings on adjacent tots, 
which usually are not under the control of the 
homeowner. This increased distance is especially 
valuable if shading by street trees is a problem. 
The distance between buildings is essentially the 
same whether a zero lot line or traditional set- 
back approach is taken, but the distance from 
trees along the street is increased— especially for 
buildings on the north side of the street. It also 
means that the owner has greater personal con- 
trol over the buffer area between his building and 
buildings and trees to the south. 

This technique is equally applicable to houses 
and tots on east/west or north/south streets. The 
zero lot line technique may also be useful if lots 
are large enough on north/south streets and 
buildings are sited with their sides to the street for 
maximum solar orientation. 

The zero north lot line technique may also be 
useful for \ois and buildings on diagonal streets 
Applied to lots on a street that run from northeast 



to northwest to southeast, the provisions allow 
for siting the building in the northernmost comer 
of the lot; one or two of the comers of the build- 
ing will touch the northeast or northwest lot lines, 
as figure 71 illustrates. In this situation, there still 
may be substantial shading from adjacent build* 
ings in the morning and afternoon. 

In most cases, the zero lot line technique 
should be applied to every building and lot in a 
project. Otherwise, there could be significant 
shading, especially for lots and houses on east/ 
west or north/south streets. If one building is 
sited on the north lot line and another building is 
sited in the center of the adjacent lot, the latter 
building may substantially btodc the south-wall 
solar access of the first building in the moming or 
afternoon hours. 

The use of this technique may involve some 
tradeoffs with other development objectives. 
First, the application of this technique can sig- 
nificantly change the design of residential 
neighborhoods. Houses to the south of an east/ 
west strest would front the road, while buildings 
to the north would be set back a greater distance 
than might be the norm for the community. This 
unusual massing of structures along both sides 
of a street is, however, likely to be more an ap* 
parent than an actual tradeoff. In such subdivi- 
sions a sense of visual balance is maintained l>y 
homeowners on the nortn side of the street install- 
ing privacy fences and garages along the street 
front. The apparent mass of these structures ap- 
pears to batance the visual mass of the homes 
close to the road on the south side of the street. 



81 



specific Design Strategies to 
Protect Solar Access 



A second drawback is that utitity connections 
might be more expensive for the lots on the north 
side of the street, because they are farther from 
the utility easement within the road right-of-way 
This cost is balanced, however, by the savings 
for utility hookups to houses on the south side of 
the street, 

Rnally moving houses so close to the street 
may limit the occupants' privacy. Privacy may be 
preserved, however, by putting in fences or land- 
scaping to sh;eld the house from public view. 

Uniform Setback Requirements for 
Solar AcMSs Protection 

Under traditional setback practices, buildings in a 
development may be staggered in distance from 
the street or real lot line to meet minimum yard 
requirements. This can pose a shading problem 
in the morning or aUernoon. Uniform building 
setback, on the other hand, protects soJar ac- 
cess. If all the south building walls line up (or 
nearty line up), the buildings cannot shade each 
other Rgure 72 illustrates the solar access bene- 
fits of uniform setbacks over staggered setbacks. 



Remember, too. that the minimum 45-degree 
setback angle is always measured from the 
north/south axis, as shown in figure 73, 



Ptacement of Garages, Carports, and Fences 

The site planner must also plan garages, fences, 
and other accessory stmctures so that they ck) 
not shade the south walls of buildings requuing 
solar access. The principle is simple. Accessory 
structures can be sited to the north of the main 
building whenever possible, if they do not cause 
a p/oblem on adjacent, northerly property. When 
garages or fences are sited to the south, they 
must be set far enough back from the main build- 
ing that their shadows do not encroach on the 
collector's skyspace. Siting them as close as 
possible to the southem property line is desirable 
for this reason. Figure 74 shows how this works. 
When zoning regulations require setbacks for 
fences or carports, it is sometimes necessary to 
negotiate with public officials for permission to 
site these structures for good solar access. (The 
companion guidebook on regulations can be 
helpful in such an effort.) 



Figure 72, Uniform versus Staggered Setbacks 
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Figure 73. Measuring Sett>ack Annies 
PLAN VIEW OF TWO BUILDINGS 
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Figure 74, Placement of Garages 
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Figure 75. North Lot Parking 
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Siting Strategies for Low^Rise 
Mutttfamily Housing 

Low-rise multifannily housing includes all attached 
structures fewer than four stories — duplexes, 
quadrupiexes, townhouses, rowhouses. and mul- 
tistory flats. As suggested in the chapter on desig n 
approaches^ these structures provide special op* 
portunities for site planning; because they fre- 
quently cover a great deal of land, they offer the 
site planner more flexibility in locating accessory 
uses in a way that protects the solar access of the 
main structure. In many cases, though^ the same 
techniques for single-family detached housing are 
equally appropriate for low-rrse, multifamily 
buildings. 
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Applying Siting Techniques from Single-Family 
to Multlfimlly Housing 

The siting strategies for maximizing solar access 
to single*family developments— east/west street 
orientation, zero lot lines, and uniform setback 
requirements— can also be used for mulWvamily 
developments. In some respect, the latter are 
more flexible than single-family projects because 
of tlieir greater reliance on active sotar colledors. 
Active collectors can be roof-mounted, ground- 
mounted, or mounted on the roof of an accessory 
building (such as a carport) and, therefore, do not 
require south-wall access. Moreover the gener*- 
ally greater height of multifamily buildings raises 
collector surfaces above most obstructions. 



Specific Design Strategies to 
Protect Solar Access 



Modifying setb^^Ks to maximize sdar access 
can be parttcutarty useful for duplex units sited in 
the same way as sjngMamily homes. The mod- 
ification can be used to improve south-wail bccess 
for the duptex units and prevent unequal solar ac* 
cess caused by small rear yaids. With townhouse 
units* the approach is less appropriate. Usually 
the ends d the townhouse unite face the streets 
or the backyard* so any change in setback im- 
proves access to only one of the narrow walls of 
the building* which is no great boon to solar 
energy cdlecUon. In any case* townhouses are 
likely to use rooftop ooltectors* which are not af- 
fected by a change m settiack. 

The zero tot line approach can be used for all 
varieties of multifamily housing to improve sotar 
access. Whether the units are individual duplexes 
or lar^ apartment tiuildings* sitir>g the buikfing on 
the rK)rth kA line improves the centred over shad- 
ing caused by nearby buildings. Larger multifamily 
devebpments are usually siAJect to fl^ible set- 
back, lot coverage, or perimeter requirements 
rather than traditional yard requirements^ and any 



code provisions that address the siting of such 
projects should be made flexible enough to permit 
zero lot lines. 

Unifonn setbacks are useful for all types of 
multifamily housing if south-facing buildings line 
up with each other and any shading from east 
and west buildings Is kept outside the setback 
angle. If zoning provisions for multifamily districts 
are flexible, then a specification for uniform 
south-wail setbacks may not be necessary. 



SHe Planning Multtfamily Housing as 
large^rva Uses 

Ih addition to the techniques used for single-f amily 
housing, low-rise multifamily housing can benefit 
from special techniques that solve its unique prob- 
lems. Automobile parking, for example, is a much 
more important cor^ideration in multifamily de- 
vetopments than in single-family projects. But it 
can be an asset. For example, a parking lot sited 
to the south of a structure can be used to create a 
shadow buffer. Alternatively, the unbroken 



Figure 76. Contour Housing 
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shadow belt that a long row of two- or three-story 
rowhouses casts to the north makes an ideal loca- 
tion for roads and car parking. (See figure 75.) 

tow-rise multifamily housing can also be sited 
to take advantage of slopes that increase insola- 
tion and solar access. Special techniques can be 
applied in these situations, but the cost of grading 
and cut-and-fill development has to be consid- 
ered. Row housing is well suited to south sk)pes 
up to 20 percent, provided that the structures 
parallel the contour. At low latitudes, gentle north 
slopes can also provide good solar access. On 
very steep sites, consider long blocks of buildings 
backed into the hillside along the contour and 
paralleled by one-w^ access roads, as figure 76 
illustrates. 



Except on south slopes, contour development 
is r>ot recommended as a way to ini^ease solar 
access. It requires too much grading arnl site pre- 
paration to justify the cost. Stepped construction 
that uses CHit-and-filt site preparation (as shown in 
figure 77) also improves solar access, tHit it, too. 
Is both costly and likely to produce ^o$k)n or 
sedimentation problems. 



Siting Strategies fOr High^Rlae Housing 
'bll buik^ngs cast big shadows, and they are gen- 
erally located near other tall buildings. In such 
situations, it is crucial to draw the shadow patterns 
of adjacent buikjings in cross^ection, so that the 
tHiilding can be planned with its kwer floor havirvg 
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In urban sites, draw sha<lovv$ of adjacent buildings m section to see what part 
of the new building wilt be shaded. 



limited solar access. These floors can be used for 
nonresidential uses* such as parking, as siiown in 
figure 78, 



Planning Open Space for Solar Access 

In larger projects* imost developers are required to 
provide open space for recreational or environ- 
imental purposes and a growing nuiriber are 
doing so voluntarily. Developers and site planners 
can use the strat^ic location of open space and 
buffer strips to protect solar access. 



Using Open Space as a Solar Access Buffer 

When a project — a mixed-use developiment, for 
example — is to contaAi soime relatively tall build- 
ings, open space can be located to the north of 



the tallest buildings to buffer shorter buildings to 
the north against the tall building's shadow. See 
figure 79, 

The problem is that open space used for parks 
or recreation needs sunlight. Using such space to 
buffer buildings from shadows means that play 
areas would be shaded for much of the day In 
colder climates, this would mean shortening the 
period of the park's usefulness. The problem must 
be considered on a case-by-case basis. If the 
open space is heavily wooded, for example, the 
shading is less of a problem, since the trees pro- 
vide some shading too. Or, if the tatler buildings 
are only three or four stories high, then a narrow 
buffer strip would be sufficient to prevent shading 
and open more park land for maximum sunlight. 
Only high-rise buildings create a significant prob- 
lem here. 



86 



87 



Specific Design Strategies to 
Protect Solar Access 




specific Design Strategies to 
Protect Solar Access 



Using Optn Space at the Location for 
C«ntml Collecton 

When rooftops, south walls, or other building loca- 
tions cannot t>e used, open space can be used as 
a site for common solar energy correctors, a bank 
of active solar collectors servicing the buildings in 
a devetopmenl. Of course, the open space has to 
have unobstructed access to sunlight. The heat 
would be collected in the common collector sys- 
tem and transferred to the buildings. Buildings ad- 
jacent to the collector area would have to be suffi- 
ciently distant to prevent shading of the collectors, 
yet dose enough to the collectors to minimise 
heat loss during the transfer of the heated water 
or air to its point of use. (See figure 80.) 

A common collector system is probably most 
appropriate for muitifamily projects, where the 
roof might be able to provide only enough collec- 
tor area to heat water, whereas a detached collec- 
tor in nearby open space can provide space heat- 
ing as welL The type of solar energy system to be 
used and the size of the collector depend on a 
number of factors, including the local dimate and 
whether the multifamily stnjctures can use pas- 
sive solar heating. 
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Solar Access and Existing Vsgetatlon 
New Vegetation; Pro)ect Landscaping 

Species Selection 

Mature Height and Crowa Breadth 

Tjming of Uaf Season 

Density of Winter Twigs 

Ucation of New Plantings 
Maintaining Vegetation: Pruning and Thinning 
Guidelines for Plantings 



To protect solar access, it is more difficult to plan 
for trees than for buildings. Shading characterise 
tics change from species to spedes, from season 
to season, and from year to year Many develop* 
ers include landscaping in their plans, but gener* 
ally the primary concern of landscaping plans is 
aesthetic, i^r solar access planning, though, it is 
necessary to give as much attention to trees as to 
the other components of the development. They 
have an effect not only on solar access but also on 
the energy efficiency of the development. Trees 
and ott^er vegetation can reduce cooling needs in 
summer by shading and reduce heating needs in 
winter by acting as windbreaks. These reductions, 
in tum, make it easier for a solar energy system to 
compete with conventional methods of space 
conditioning. 

This chapter discusses three topics: existing 
vegetation, planning new trees that are part of a 
project landscaping plan, and tree maintenance. 
Because vegetation is so specific to a region's 
climate and to a site's characteristics, it is difficult 
to provide a detailed discussion on the manage- 
ment of vegetation for solar access protection. 
The chapter presents some basic guidelines that 
must be used as the developer or site planner 
proceeds with a project. 



Solar Access and Existing Vegetation 

One of the most difficult tradeoffs in planning for 
solar access involves the presence of trees on a 
site to be developed with solar homes. In many 
cases tt^ere is simply no way to avoid taking down 
at least some trees to provide access to south 
vvalls and rooftops. Sometimes the preservation of 
trees is required by law, and the developer has to 
contend with local officials to protect solar access. 
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Figure 81 . Vegetation Types Analyzed on Base Map 




The presence of trees on a site forces the de* 
veloper to answer some important questions'. How 
heavily forested is the site? How many trees might 
have to come down? Are there areas that could 
be used for central collectors? What tree species 
are present? VfiW they let in enough light in the 
winter? Can some trees be just trimmed or temped? 
The developer also has to decide which is the 
stronger selling point, solar access or a nice 
canopy of trees. Perhaps some compromise can 
be reached, so that some buildings can be given 
solar access while the most valuable or beautiful 
stands of trees are preserved. 

The planning problems caused by existing trees 
may be eased tn several ways. First, analysts of 
the site prior to planning the development may 
show certain areas to be freer of trees than 
others, tf such areas happen also to be on south 
slopes, then they clearly are suited for placement 
of solar housing, as figure 81 illustrates. Even 
parts of the site that do not face south, if less 
forested than other parts* may be good for solar 
housing. By looking at the steepness of the grade 
and the extent of forest cover, the developer can 
pinpoint areas to be avoided and areas that show 
promise. 



Second, some tree species present more prob^ 
lems than others. Evergreen trees, for example, 
are a problem all year round. Deciduous trees are 
usually better for solar housing, although some 
deciduous species are worse than others in terms 
of shading. Species with dense branching struc- 
tures, that grow to great heights, and that keep 
their leaves into the winter present greater prob^ 
lems and bigger shadows for a longer period than 
certain other spedes. (TNs is discussed further in 
the next section on planting new vegetation.) tf the 
developer or site planner can determine which 
tree species cause the least shading problems 
and can couple this with a judgment atxHJt the 
aesthetic value or rarity of tree species, he will be 
able to identify the most suitable building areas. 

Third, if a site is unevenly forested, the wooded 
a^eas can be used for open space or buffering. In 
many projects, open space is either required by 
ordinance or donated by the developer. In a pro- 
ject with solar homes, forested areas of the site 
are a natural choice for open space. 

Finally, when shading from existing trees is a 
problem* a developer can consider using a centra) 
collector system, a large array of collectors that 
serves a number of buildings. These collectors 
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must be fairly close to the buildings that they 
sen^ because of the problem of heat loss in 
transfGrring the heat from coltectorto building. But 
using an existing dear atea or clearing one for 
centra] collectors is an option that may be useful 
in some situations* 

tf a developer decides that some trees have to 
b3 cleared, he should use shadow patterns to de* 
termine which trees actually shade the collector 
during the important times of the day, should 
remember, too, that the placement of the building 
can be changed at this point if relocation woukt 
mean taking down fewer or less valuable trees. 
Only the trees h the 45- or 50<degroe wedge to 
the south of the ootlectors will interlere wiUi solar 
access (f^ure 82), Also, trees farther away may 
require only regular top trimming. 



New Vegetation: Project Landstaplng 

There are two major considerations in planning a 
project*s landscaping to protect solar access: the 
selection of tree species for planting and their lo* 
cation. The following sections discuss both points, 
presenting some basic principles for landscaping 
to protect solar access. 



Species Selection 

Several tree characteristics have an important ef- 
fect on the extent to which they cast shadows. 
These indude the height at maturity, the spread of 
the canopy the growtti rate, the duration of the 
leaf season (for deciduous trees), and the density 
of the twigs and branches (which affects shading 
in the winter). 



IMature Height and Crown Breadth 

Obviously, trees are desirable in landscaping for 
the protection of solar aocess^-at least when they 
are not located where they might cast shadows on 
solar collectors, tn selecting species, the de- 
veloper or site planner must choose those that 
have a short mature height Short species with 
broad crowns provide needed shade in summer 
and produce shorter shs^lows in winter. (See fig- 
ure 83.) Most tree species have a relatively pre- 
dictatrie mature height and canopy spread, but 
oti^ers— such as large conifers, eucalyptus, and 
poplars— continue to grow even after they seem 
mature. 

Literature giving height and widths for various 
tree species is available, but variations in cli< 



Figure 82. Selective Tree Removal from Skyspace 




er|c 



91 



93 



Trees and Landscaping 



Figure 83. Crown Height and Breadth for Solar Access 



COMPARISON OF TREE FORMS-, 
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mate, soil characteristics, the availability of water 
and other factors make it worthwhile to consult a 
local nurseryman to find out exactly how various 
species will behave. 



Timing of Leaf Season 

Although deciduous trees obligingly provide shade 
in thesumme; and let m the sun in the winter their 
timing is somc^times less than perfect. Ideally, 
leaf-out— the piowth of new leaves— in spring 
would correspond with the end of the heating sea- 
son and leaf-drop would correspond with the start 
of the heating season. For the site planner this 
means findmg tree species that have a growing 
season that coincides as closely as possible with 
the time when the solar energy systerrt will not be 
\n use. In the spring, this is usually no problem; 
but m warm winter climates cold periods can 
occur long after some species have a full leaf 
cover. In such cases, trees that leaf-out early 
(such as weeping willows arKJ certain poplars) 
should not be used where they might shade a 
space heatmg collector or south glazing. Similar 



problems also can occur with species that have a 
heavy bloom of flowers early in the spring (almond 
trees, for example) and others that retain fruit or 
dead leaves late into the fall or all winter long. 
(Some oaks, for x^xample, keep most of their 
leaves through the winter) 

In fall, there can oe a considerabf© overlap— in 
some circumstances, as much as two months — 
between the arrival of cold weathar and complete 
leaf-falL During this period, solar energy is readily 
available, and tree species with early leaf-fall 
should be selected for planting. Besides the gen- 
eral leaf-fall characteristics of different species, 
there are several factors that can affect leaf-fall 
within a species. They are: 

Watering and feeding practices. Extended irri* 
gation and late summer fertilizing can boost iate 
growth and slow leaf-falL Conversely, stopping 
irrigation in mid-summer can force early leaf 
fal!. 

Ptvnmg. Since unpruned trees generally lose 
their leaves before pruned ones do, minimize 
pruning and never prune in late summer 
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Figure Vartations tn Bare Twig Density Give Vanations in Penetration oi Winter Sunlight 




y^nd. Sheltering trees from wind encourages 
leaf retention. Sheltered trees may delay their 
leaHall two or three weeks compared to similar 
trees in windy locations. 

These practices can be used to control leaf-fall 
in order to synchronize rt more closely with the 
beginning of the heating season. 



Density of Winter IWigs 

When existing deciduous trees or new plantings 
stand to the south of a collector, their bare winter 
branches block sunlight to a certain extent, de- 
pending on species, pruning, and maturity (figure 
84), Uving Systems' preliminary study of unpruned 
trees of commonly used species in Davis. Califor- 
nia, shows that bare winter branches reduce a col- 
lector's insdation from 30 to 80 percent. 

The bar chart showing bare branch shading 
(figure 85} shows a range of radiation blockage for 
a number of different species as well as for indi- 
vidual species. The shaded portion of each bar 
shows the variation in light meter readings ob- 
tained for the various samples; the unshaded por- 
tion indicates the minimum shading that can be 
expected for each tree species. The extent of this 
variation depends on the number of readings 
taken for each tree species and the conditions 
under which the data were collected. This infoi^ 



mat;on is likely to vary with the area of the country 
and the types of trees. 

Unfortunately, this kind of information is not 
likely to be available for common tree species, al- 
though radiation blockage infomiation may exist 
for forest canopies. But forest canopies are not 
street trees, and it is doubtfti whether forestry in- 
forrrration is applicable tc individual trees or 
smaller dumps of trees. Therefore, site plan- 
ners may have to generate this information 
themselves. 

This task is relatively simple. On a dear winter 
day the site planner uses a light meter to deter- 
mine the amount of radiation falling on a spot 
shaded by a tree's bare branches and compares it 
to the amount of radiation falling on an unshaded 
spot near the tree. An inddent meter or a common 
reflective meter fitted with a diffusion lens works 
best. Altematively, a common light meter can be 
focused on a matte, uniform grey card. Changes 
in radiation are read off the meter dial every few 
paces as the meter is carried through the 
shadows cast by the tree's bare branches and 
twigs. Several trees of each spedes should be 
examined; the readings for each species are then 
averaged It makes no difference whether the light 
meter reads in f-stops. foot-candles, or some 
other measurement of radiation; only the diffei^ 
ence between the shaded and unshaded mea- 
surement matters. 
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These are some of the factors that should be 
considered when selecting spedes for landscap- 
ing a sotar project. The site planner or developer 
is well advised to consult a local nurseryman Or 
other expert familiar with local vegetation. 



LoMtion of New Plantings 

The second major consideration for landscaping 
is the location of trees to be planted. While the 
precise loca^.ion always depends on specific 
conditions— the topography of the site, the kinds 
of housing to be used, and so on — it is possible to 
give some general guidelines for the location of 
trees to protect solar access. 

Simply stated, large trees should not be planted 
within the 45- or SO-degree wedge of solar sky- 
space to the south of a solar collector, as figure 86 
shows. Large trees should be planted either to the 
north of buildings or solar collectors or to the 
! outt) of areas not used for collectors (that is, to 
the south of roads, parking areas, or industrial 
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areas). Climatically undesirable or exceedingly 
steep larxl unsuitable lot biildings is espectalty 
good for large tree groupings. Smaller gr0i4)ings 
should be located where they will not interfere with 
solar access. Usually, this can be accomplished 
by siting the taller trees first arid smaller tr^^es 
next. 

As planning proceeds, the shadow patterns of 
proposed trees shoirfd be diagrammed in plan 
view. Unless they are low enough not to block the 
/(inter sun, trees should not stand south of collec- 
tors in an arc between southeast and southwest. 
In most climatic zones» buildings should be sited 
directly to the east or west of trees. Especially at 
higher latitudes, if the tree has a high crown and a 
dear trunk, siting close to the south house is best. 

Trees should be planted in groups to assure 
maximum solar access. Trees in ^ups cast over- 
lapping shadows, creating less total shaded area 
than does the same number of separated trees. It 
is also easier to plan for one larger shadow than 
for many smaller ones. (See figure 87.) 
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Figure 86. Tree Siting for Solar Access 
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A typical planting scheme to allow sc^ar access to smith walls. Site tall trees carefully. 



Rgu-e 87. Stands of Trees 
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Talter trees should be planted on the south side 
of ftreets rather than on the north. The width of 
the street and the setbacks act as a buffer to pre- 
vent the taller trees' shadows from reaching the 
sdar collector Although this is a relatively uncon* 
verttionai approach* it boin protects solar access 
aiKl shades the pavement in the summer 

The doser trees are to the south wall of the 
house, the shorter they must be. This means 
planting low, shrub*like trees or hedges near the 
ho. se and ta!ler trees farther away. The developer 
can imagine a light plane running from the sun to 
the south wall of the buildings unr!er which trees 
must fit (Rgure 88). 

Evergreen trees should be limited to the north 
side of buildings, both because they shade all 
year round and because they protect houses from 
strong winter winds. In those parts of the United 
States where the prevailing vinter winds are not 
generally from the north, evergreens should be 



located so that they block the winds Without block* 
ing solar access. 



Maintaining >Aftgetation: ^^runing and Thinning 
Whether used to heat or cool, to shade houses or 
streets^ trees usually need pruning or thinning, a 
skill requiring knowledge and experience. It is 
best to landscape with trees that require little prurn 
ing until they attain ttieir maximum size. Figure 89 
shows how thinning works, tf thinning becomes 
necessary, trees should be pruned from the bot* 
tom, not from the top. The crown should be 
thinned rathe: than topped, because top pruning 
erK»»jrages dense twig growth, which can block 
needed sun, as figure 90 illustrates. Conversely, 
cutting the lower branches can increase solar 
penetration in winter, especially for trees planted 
near single^story buildings at high latitudes. 



Figure 88. Pjanttngs on South Lots 
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Rgure 89. Thinning Trees 
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Rgure 90. Topping trees 
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GukMhm for Plantings 



In setecting and locating f^Emtings, the developer 

Consider mature height when selecting 
species. 

Consider the breadth of the canopy. 

Consider whether deciduous or evergreen 
species are appropriate. 

Consider the timing of the leaf season. Does it 
coincide closely with the t}eginr^ng and end of 
the heating season? 

Consider the density of twigs and branches for 
both sun arKt wind penetration. 

Plant trees outside the 45- or 50-degree arc to 
the south of solar collectors. 

Keep the south wall of houses free of shadows 
between the critical hours on December 21. 



LC 



Use plan and section drawings to evaluate 
shadows, conflfcts wifh sdar collectors* and 
t)6neficial summer shading. 

Rememt)er that (lomestto water heating cdlec* 
tors, swimming pods, and gardens need sun- 
light during the summer when dwellings, 
streets, and other paved areas need shade. 

Place evergreens to the north of collectors (or 
north of the entire pro}ect) if north winter wirKls 
are a problem. 

Plant trees in groups rather than indrvidually to 
attain maximum solar access. 

Plant taller street trees on the south side of the 
street, shorter ones on the north. 

Place tall trees away from the solar collector 
and short trees or bushes near the collector 
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Regional Vegetatton Guidelines 

Although the vagaries of Focal climate and the 
specific nature of the vegetation itself makes it dif* 
ficuH to give exact instaictions about landscaping, 



it is possible to go into somewhat greater detail for 
various dimate zones of the country. The follow- 
ing are guidelines for tree selection and location 
for the various regions of the country shown in 
figure 91^ 



Figure 91 , Regional Climate Zone Map 
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REGION 



Solar Access 
GukJetine 



Regional Vegetation Guidelines 

Wind Buffer Shade 
Guideline Guideline 



Rgure 



Pacific Fog 
Belt 



Place taller trees in 
community open 
space* rather than 
putting them dose to 
buildings. 



Low evergreen wind- 
breaks* hedges, and 
shrubs are important 
for protection from 
the wind. 



This is the only build^ 
ing climate with no 
need for shading in 
summer. 




fMorth- 

wesiem 

Lowlands 



Low solar angles re- 
quire the use of short 
trees with broad 
crowns. For the long 
hdating season de- 
ciduous spedes that 
get their leaves late 
In the spring but leaf 
out quickly are the 
best choice. 



Evergreen 
windbreaks can be 
used whenever they 
do not interfere with 
solar access. 




Great 

Basm/Cdd 

And 



The best location for 
trees in this regkm is 
directly north of build- 
ings. When trees are 
located to the south* 
use shorti broad, de- 

ciduous trees that 
permit maximum 
winter sunlight pene- 
tration. 



Summer shading can 
also be accomplished 
by moveable ar- 
chitectural devices 
that will not shade 
collectors in winter. 




Arid 

Southwest 



Deciduous species 
planted south of 
buildings will provide 
much^needed shade 
during the hot 
season- 



Shade paved areas 
and outdoor use 
areas as mucti as 
possible during the 
hot season- 




Southern Keep south wall and 
CaUfomia other collectors dear 
Coast to the south. 



On the shoreltnet 
evergreen wind- 
breaks are desirable 
if they do not block 
access. 

On inland sites.vege- 
tation can be planted 
to funnel ocean 
breezes for cooling. 



Shade trees should 
be planted near west 
walls, windows, and /""-^"^ 
paved areas, // 



COAST 




Hot Arid Provides shade and 


Ground cover plant- 




presence access by 


ings help coot the 


massing trees to the 


environment while 




east and west of 


maintaining access- 




buildings. 


but will stiti keep 




breezes flowing be- 






neathtree canopies. 
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trees and Landscaping 



REGION 



Solar Access 
Guideline 



Regional Vegetation Guidelines 



Wind Buffer 
Guideline 



Shade 
Guidetine 



Figure 



Cool North 



Tfees planted to the 
southof the building 
should be sNHt. 
broad, deciduous 
species with open 
twig patterns. 



Plant other trees for 
shelter from wind, to 
the north and west of 
buildings. Evergreens 
are best for wind* 
breaks in winter* 
When solar access 
m£y be blocked, use 
low shrubs and 
hedgas to divert 
wind. 



N 



^^^^^^^ 




Central 

Mid-Atlantte 
Coast 



Keep the south yards 
free of trees. 



Use evergreens to 
buffer buikJings from 
the wind, but do not 
block solar access. 



N 



Conrantrato planting 
in belts immediately 
to the north of build- 
ing rows, shading 

streets when possl- -^s^ iv 

We. Plan vegetation- — 
carefully^ using 
shadow patterns, 
when trees are likely 
to conflict with solar 
access. 




Humkl Use broad^leafed. 

South deciduous species, 
keeping (^arof 
south-wall or roof ac- 
cess. Trees should be 
massed In lines or 
groups immediately 
to the north of build- 
ing rows. 



Use trees wHh dean 
trunks and light 
branching to allow 
breeze penetration^ 



Some lightly twigged 
deciduous trees are 
possible immediately 
to the south of 
buikSngs. ^^^^^^ 




South Coast 



Preserve all existir^ 
trees even at the ex- 
pense of losirig solar 
access. If possible 
allow solar access to 
rooftop water heat 
collectors. Deciduous 
species immediate 
to south of buiklings 
can allow partial sun 
to south glazing and 
rooftop collectors in 
winter 



Use tree species with 
bare branches for 
breeze pene1ration> 



Shade is more valu- 
able than sun in this 
climate. 



<-N 




erJc 



102 



U)0 



Trees and Landscaping 



REGION 



Sotar Access 
Gukleltne 



Regicmal Vsgetetion Guidelines 

Wind Buffer Shade 
Guideline Guideline 



Rgure 



Rorida Preserve all existing 
Tropics tiees even at the ex- 
pense of losing solar 
access* If the site is 
alreac^well ftrasted, 
pr»enting the oppor- 
tunity to shade most 
houses comj^ly; 
use a central collec- 
tor bank for domestic 
water heating. 



Use bare trunk 
species for breeze 
penetration. 



Shade all paving, 
windows, and walls 
and, where possibte, 
all roof areas. 



N 
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Two Examples of Solar 
Site Planning 

Detormlning manning Crfterta 
Site Sanction 

Site Analysis and Preliminary Site Plan 
Climate 

Vegetation and Site Characteristics 
Conventlona) Development 

ProNminarySftePUin 

Detailed Site Plan 
Streets, tots, and Building Siting 

t^^ tecaping 

Tianneirunit Development 

Preliminary Site PUin 

Detaitod Sits Plan 
S treetSt Lots, and Building Siting 

TBrvdscapSng^ 



The preceding diapters have presented the fun- 
damentals of planning and development to pro- 
tect solar access and r»^omate proper solar orien- 
tation. Drawing on this basic information, this 
chapter demonstrates how a development plan 
with solar access protection as a pnmaiy objec- 
tive might be developed for a conventional sub- 
division and for a planned unit development. A 
PUD offers a number of advantages in designing 
a pro^ for good solar access^ but a more con- 
ventional development also can be laid out to 
reach INs end. Both examples use the same 
20-acre site in the southern end of California's 
Central Valley, near Fresno^ at 37 degr^ north 
jatituda The conventjonA i plan fthnws ari ,<iinglfe. 
family residences, each having adequate solar 
access. The PUD plan will have a somewhat 
higher density and a mix of housing types. 

The decision-making r»^ocess for planning the 
devetopment follows this format: 

Determination of planning criteria; 

Site analysis and preparation of a r^eliminary 
site plan; and 

Oevelq}ment of a more detailed site plan, 
showing individual lots and dwelling locations. 



Determining Planning Criteria 

The site is located in a county with fairly conven- 
tional land-use controls. The parcel is zoned 
AR-1, agricultural/residential with single-family 
detached housing and accessory structures al- 
lowed by right. The zoning establishes large lot- 
size requirements — 1 dwelling unit per 7,000 
square feet of lot area, resulting in an overall 
density of 5.8 dwelling units per acre, or a total 
development potential of about 120 dwelling units 
on the site. Subdivtsion regulations have typical 
road and infrastructure standards governing 
utilities, sewage, water supply and roads. In ad- 
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IWo Examples of Sdar Site Planning 



Figure 92. ^ Topography 
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TOTAL AREA 
20 
ACRES 
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dition, there are requirements for c^en-space 
dedication and for the preservation of existing 
trees and other major vegetaAton* 

The community also has a PUD provision in its 
zoning, which can be invoked by application to 
the city council for a rezoning. The PUD provi- 
sion is also typical, allowing both a variety of 
housing types (single-family detached^ attached 
low-rise, and mid- and high-rise bLi<:fings) on the 
same paroelp provided that ttie project complies 
with specified standards. As an incentive, the 
PUD provision allows a maximum density of 7 
dwelling units per acre, creating a development 
potential of up to 140 dweNing units for the 20- 
acre parcel. As with the conventional zoning pro- 
visions, there are requirements for environmental 
standards, tree preservation, and open space. 

Based on these regulatory standardSp the de- 
veloper has selected the following devetopment 
objectives for the site: 

South-wait access for alt dwellings; 

Maximum energy efficiencyp with sotar cotlec* 
tors providing most of the seasonal heating re- 
quirements and naturat cooling; 



The preservation of views to the Sierra Nevada 
mountains; 

A central recreation facility and common open 
space, meeting the minimum standards re- 
<iiired for project approval; 

r^imum allowable density under both ordi- 
nance provisions (conventional and PUD) con- 
sistent with market demand in the regton* For 
the PUD developmentp this means a housing 
mix of single-famity detached, low-rise at- 
tachedp and mid-rise apartments* 



Site Selection 

The site shown in figure 92 was chosen because 
it is essentially flat, with a long east/west axis 
that maximizes its southern exposure and pre- 
sents no solar acce'^^s destructions. Close to 
downtown, schools, and a c(»nmercial center, it 
is sensed by utilities and has a superb view ol the 
mountains* 
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Two Exanf^Tles of Solar Site Planning 



Site Analysis and Preliminary Site Plan 
Climate 

Catifomia's Central Valley has mild but cloudy 
and foggy winters. In the hot season, June 
through September, the temperature averages 
iWK It is dry, and relief from heat can be pro- 
vided by shading, ventilation, and roof pond 
cooters. The winter winds and the north winds in 
the spring, when air temperatures are moderate, 
can be a significant climatic factor Summer 
breezes are light and variable. The growing sea- 
son lasts all year. 



Vegetation and Site ChaFtcteHstlcs 

The site surface is composed of grass and dark 
earth; the only trees are along the north border, 
where shadow conflicts are minimal There are 
neither trees nor tall structures on the adjacent 
lots. This site enjoys beautHful views of the Sierra 
Nevada to the north and east. The major roadway, 
on the east edge of the property, connects the site 
with the local school and a downtown area less 
than a mile away. The combination of flat tenrain, 
good weather, and short distances make bike rid- 
ing an attractive mode of transpori^on. Figure 93 
shows the details of the site analysis. 




Two ExarT^)les of Solar Site Planning 



Frgura 94, Preljminaiy Site Plan: Conventional Development 
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Figure 95. Housing Types 
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Two Examples of Solar Site Planning 



Conventional Development 
Pfelftnlnery Site Plan 

The oveNI concept (shown in figure 94) stresses 
the key points: 

The entire site »$ suitable tor housing; there are 
no sdar access conflicts. 

All local streets njn east/west to ailow houses 
to be oriented south. Straight street layout is 
used tor simplification, but curvilinear streets 
would also be appropriate. 

The roadways form view rorridors to the north 
and east. 



Ottallfd SHe Plan 

Stre0te, fots, and buiidfng sHing. The major con- 
siderattons are: 

The street and lot layout allow south orienta- 
tion of houses. 

The houses are located to the north end of 
each lot to minimize solar access conflicts 
with other buiiding^i* 



The layout of individual buildings and trees is 
based on shadow patterns* 

The general types of single-family housing 
shown in figure 95 are planned for this project, all 
using (or having the potential to use) passive 
south^facing collector area for space heating, 
rooftop active systems for water heating, and roof 
ponds for natural cooling. 



House A— One-story house on east/west axis 
with roof pond 

House B--One*5t0fy house with partially flat 
roof area 

House O-One-story shed-roofed house 
House 0— TWo-story flat-roofed house 
Building E— Carports 



Figure 96 shows one possiUe layout of housing 
on the site. Shac^ patterns indicate that ail dwell- 
ings have soulh^ll solar access. Allowing solar 
access to the south wall ensures adequate sun for 
rooftop water heating systems. South yards are 
made as large as possible on rnost lots* 
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1Wo Examples of Sotar Site Planntng 



Figure 97, Tree Types 
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Figure 96. Ttee Shadow Plan: Conventional Development 




C 



107 



Two Examples of Solar Site Planning 



Figure 99- Site Master Plan: Conventiwwl Oevetopmenl 





Landscaping, For planning purposes, a few 
types of trees and shnJbs were cfK>sen; ranging in 
heigM1roml5feelto40foel, each group has txjtti 
tfedduous and evergreen species. Figure 97 
shows the December tree shadows for these 
types. 

For planning purposes, a dedduous tree shotdd 
be evaluated as if it were evergreen, because its 
bare branches block a signHicaiit amount of sun- 
This is a verv conservative appn>ach, sint^ 
many passive systems stiti work even when 
shaded by bare branches. At higher latitudes, this 
wproach may be too restrictive. 

Figure 98 shows a layout for trees superim- 
posed on the housing layout. A significant number 
of trees have been used wtttx)ut shading any 
south waits of the dwellings. 

The site plan is oompleled by combining the 
building and tree shadow plans in a mwner con- 
sistent wHh tfie development objectives. The re- 
sulting plan is shown in figure 99. 



Manned Unit Development 
Preliminary Site Plan 

The major site uses, presente<j in figure tOO, can 
be summarized as follows: 

Housing s grouped in clusters, each cluster 
having a focal open space. 

A centraKzed community open space and re- 
creatiCHi center is Nnked to the clusters. 

The tallest building, a mid-rise apartment, is lo* 
caled at the north edge of the site. 

Auto drctdation is kept to the periphery of the 
site, and a bilte/pedestrian path is u»ed for 
intemal traffic 

Tt^ commerdal center lies at the intersection of 
the two existing roads. 

Tt^ highest density housing is kjcated cfosest 
to the existing roads. 
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1wo Examples of Solar Site Planning 




The existrng bam and fruit trees are used as an 
agriculUirai center. 

The open spaces double as stonn drainage and 
percolation areas. 



Dttalled Site Plan 

Streets, tots, and building siting 

All access streets run east/west to allow 
north/south iots. 

Only lots with roof clerestory collectors, 
buildings (see abova f^ure 35) do not run 
north/south. Clerestories gain solar access 
through their roofs. 

When possible, car drculation is kept to the 
periphery in order to concentrate and inte- 
grate ommunity and cluster open spaces. 

Layout of individual buildings and trees is 
based on shadow patterns, 

All the general housing types used in the con- 
venti(»ia] neighb<^ood are used in the PUD, with 
the additions shown in figure 101 as follows: 
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Apartment F— TWo-stOfy, four^unit apartment 
building. South wail requires solar access. 

Apartment G— Low^rise attached townhouses. 
Most are two^ory although some one-story 
units are included. All require solar access to 
the base of the south wail. 

Apartment H— Attached low-rise apartments. 
Solar access is through the roof for passive 
space healing. South walls receive sun for half 
the day in winter. Private yard space is on the 
east or west. 

Apartment I— Four-story, mid-rise apartment 
buikNng. This is a single-loaded exterior cor- 
ridor plan to allow south access and cross- 
ventilation to all units. Patios are provided on 
the south side. 

Figure 102 shows an alternative housing layout 
that achieves south-wall and, in many cases, 
south-yard solar access for all dwellings. Carports 
generally are located on the opposite side of the 
street along the southern edge of the neighbor^ 
hood to maxknize solar access to south yards. 
The following section drawings are used to de- 
temiine best placements of carports: 
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1Wo Examples of Solar Sito Ranning 



Figure 101 Apartment Types: PUD 
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Two Examples of Solar Site Planning 



AHemative 1 in figure 102 shows carports ad* 
jacent to the houses. Sdar access to the 
south ya^d is blocked by the carport in winter, 
but the ^reet is half*shaded in summer. 

Alternative 2 shows the carport on the south 
(opposite) side of the street. The shadow of 
the deciduous street trees allows increased 
winter sun to the larger south yard, but the 
street has minimal summer shade. 

Alternative 3 shows that altemating street 
trees and carped results in optimum sun 
and shacte patterns. 

Shadow pattems are developed for each of the 
housing types; the buildings arxf shadow pattems 
^e anranged on the site plan in various ways that 
are consistent with the land*use diagram de^ 
veloped earlier. Building placement is optimal 
when all south walls obtain the best solar access 



and are not shaded by adjacent structures. Figure 
103 shows tNs arrangement. 

Landscaping. As for trees* a process similar to 
that used in the conventional development is used 
for the PUO-the tree types ^e identified and 
shadow patterns -developed. The trees and 
shadow pattems are then organized on the site 
plan to accomplish the major development 
objective-*summer shading of yard areas and 
west walls of structures and winter sun access to 
south walls and rooftops. Rgure 104 shows the 
resulting tree plan. 

Rnally; as in the conventional development* all 
the elements are combined ink) a final site master 
plan. Buildngs and trees are located to acNeve 
the best drculation, land use, and so)^ access 
development ot)iectives. Fi^re 105 shows the 
completed PUD development, fully planned for 
tx)th optimal solar access and conventional de- 
velopment goals. 



Figure 102. Housing Layout Altematlves 




Ivvo Examples of Solar Site Ptanning 



Figure 103. Building Shadow Plan: PUD 




Rgure 104. Shadow Plan: PUD 
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Two Examples of Soiar Site Planning 



Rgure 105. Site Master Pl^; PUD 




Private Agreements to 
Protect Solar Access: 
Covenants and Easements 

RftStnctiVtt Cov«nlint3 

Restrictive Covenants as Bamers to Solar Energy 

Use and Solar Access 
Restrictive Covenants and Solar Access 

Protection 
Accommodating Change 
Restrictive Covenants of [Name of Development] 
m f Municipality or County] 
Easements 
Scrfar Sl<yspace Easement 



The techniques discussed up to this point 
suggest strategies for protecting solar access 
during build out. But in order to be effective, solar 
access must also be protected after lots or build* 
ings are sold and oocppled. A carelessly planted 
tree, for example, can undo careful srte planning 
and development design, and an addition to a 
house or a new garage can cast shadows across 
areas planned for the use of solar collectors. 

It is for these rea^s that developers must 
consider the use of private agreements to prote<^ 
future access as well as to ensure existing solar 
access in new developments. 

Private agreemente are common techniques 
used to preserve desirable characteristics of new 
developmente, such as common open space, 
large front yaids, and architectural design. Prt* 
vate agreements suitable for solar access protec- 
tion include restrictive covenants and easements. 
Both types of agreements are familiar to de- 
velopers and public officials and are widely used 
in the development process. They are especially 
attractive to developers and homeowners be- 
cause they ofl^r a greater degree of private con- 
trol over restrictions affecting development. This 
flexibility is desirable because solar access pro- 
tection often involves restricting activities on one 
lot to prote<^ adjacent parcels. If agreemente can 
be negotiated between lot owners, solar access 
can be assured with minimal public involvement. 



Restrictive Covenants 
The most common private agreement is the re- 
strictive covenant. A restrictive covenant is a con- 
tract between two or noore persons which involves 
mutual promises of reciprocal benefrts and bur- 
dens among consenting landowners. This means 
that all persons involved in a covenant benefit 
from it and that all are burdened by restricting an 
activity such as the construction of an otherwise 
allowable structure that could cast a shadow on 
the solar collector of a neighbor. The covenant is 
considered restrictive because it requires the par- 
ties to restrict development opportunities. A re^ 
strictive covenant is a covenant not to do some^ 
thing, as compared with an affinrtative covenant 
which is an agreement for the parties to take a 
specific action. 

Restrictive covenante are often aeated by a 
devefoper at the time a subdivision or develop- 
ment is approved by a local government. The re- 
strictions apply to lots within the development and 
are usually inserted into the deeds of all parcels to 
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be developed. The covenants may be enforced by 
the developer, by a lot owner within the develop- 
ment, or, frequently, by a homeowner^s associa- 
tion created to manage certain aspects of the 
development. Because these covenants often 
appear in the deeds, they are also called ''deed 
restrictions." 

Some technical issues involving restrictive gov* 
enants arise because they are legal instruments. 
These issues include privity of estate and whether 
the covenant ''touches and corK^ems'* the land. 
Although these issues have a bearing on the en- 
forceability of the restriction, they do not concern 
the developer and will not be discussed in this 
chapter The existence of such problems sug* 
gests. however, that the developer should have 
he proposed covenant reviewed by a lawyer, es- 
pecially if the covenant terms are unfamiliar The 
developer's major concern should be that the 
covenant is enforceable and that it is likely to ac- 
cxHnplish its stated purpose, such as protecting 
solar access or permitting the installation and use 
of solar energy equipment. 

Restrictive covenants are similar to zoning in a 
number of ways. Like public regulations, restric- 
tive covenants can guide private develoF^ent de- 
cisions and can affect future, as well as existing, 
development within the subdivision or project. 
And. like zoning, covenants can create barriers to 
sdar energy use and solar access, or they can 
encourage site design and development to assure 
solar access protection. In fact, restrictive cov- 
enants are sometimes called "private zoning'' and 
are a major type of land use control in some 
cormiunities (notably Houston. Texas), 



Restrictive Covenants as Barriers to Solar 
Energy Use and Solar Access 

Restrictive covenants can affect development 
actions by lot owners. Covenants can prohibit 
certain types of land uses, such as non-residential 
uses in a residential development; restrict de- 
velopment to certain types of structures, such as 
single-family detached housing; and even bar de- 
velopment altogether in certain areas of the site, 
such as open spaces or greenbelts. 

Barriers to solar access and solar energy use 
may arise inadvertently through the enforcement 
and operation of restrictive covenants. The de- 
veloper or homeowner's association may not 
have intended to restrict solar energy use or sdar 
access, but the application of the particular restric- 
tion r^aydo this nonetheless, 
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Developers who wish to encouraSe the installa- 
tion and use of solar energy collectors and the 
protection of solar access should consider the ef- 
fects of restrictive covenants on these objectives, 
f^r example, covenants that control architectural 
features of structures within the development or 
that require the planting or preservation of vegeta* 
tton between homes can discourage solar access 
planning. 

Architectural standards are enforced in many 
subdivisions for the purposes of maintaining 
property values and perpetuating desirable 
neighborhood characteristics. These standards 
can be specified in several ways: (1) in a covenant 
that requires, for example, all residences to con* 
form to an architectural style (French Provincial. 
Gothic, lUdor)^ (2) by an architectural review 
board created by a covenant and empowered to 
deny or grant petitions to construct or materially 
alter dwellings within the subdivision; or (3) by a 
homeowner's association which all landowners 
in the subdivision are bourni by covenant to join. 
Regardless of how these standards are instituted, 
they can inhibit the installation of solar energy col* 
lectors if the design of the collectors is perceived 
to be in violation of the covenant or against the 
architectural judgment of the board members or 
association officers, 

A developer who desires to encourage the use 
of solar energy collectors and to promote some 
degree of architectural harmony might consider 
modifying arcNtectural standards within the de- 
velopment to accommodate solar collectors. The 
developer may choose to exempt some collector 
designs from the architectural standards, or at 
least give collectors a presumption of architectural 
compatibility, Columbia. Marylarni, for example, is 
developing architectural guidelines for its architec* 
tural review board to use in evaluating the integra- 
tion of solar collectors into housing desigoJUs^ 
likely that such guidelines wi!l have to bexonsid- 
ered by many other developments whose design 
guidelines now restrict solar collector installatk>n. 

Developers sometimes insert covenants in all 
deeds to require landowners to maintain plantings 
of vegetation near the property lines between 
residences. Trees or tall hedgerows, shielding the 
residences from outside view, afford greater pri- 
vacy than the landowners othen^ise would er^oy 
and contribute to a more pleasing landscape. But. 
as was noted earlier, vegetation can affect access 
to sunlight. Developers who wish to have both 
beautiful landscaping and solar energy collectors 
might consider prescribing maximum heights on 
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trees and other vegetation to prevent an obvious 
conflict between a covenant that requires vegeta- 
tion to be planted near the property line and one 
that restricts shadow lengths across the property 
line. 



Re«trictlv« Covenants and 
Solar Access Protection 

A covenant provision to protect soJar access is 
printed below. In using this type of provision, rt 
must be remembered that the laws affecting re- 
strictive covenants vary from state to state. This 
example is not meant as a model but may provfde 
guidance to developers considering simitar provi- 
sions in their own developments. 



Restrictive Covenants of 
iKams of Development] 
In [Municipally or County] 
The following restrictive covenants are incorpo- 
rated in this deed and in all other deeds to parcels 
within the [name 0/ development], which is lo- 
cated in [complete legal description of the 
devdopmenf], as recorded in [legal records of 
named county]. These covenants are binding 
upon all present and future owners of land within 
this development with the same effect as if they 
were incorporated in each subsequent deed, 

(1) No vegetation, structure, fixture, or other ob- 
ject shall be so situated that it casts a shadow at 
a distance greater than 20 feet (6,1 meters) 
across any property lineon D6C6mber2l);)etween 
the hours of [9 a,m, and 3 p,m. Standard Time], 
provided that this restriction does not apply to 
utility wires and similar objects which obstruct 
litMe light and which are needed and situated for 
— reasonable use Of the properry in a manner 
consistent with other covenants in this deed. By 
adopting this covenant, the landowners within 
this development recognize the desirability of 
creating and maintaining a common plan to en- 
sure access to direct sunlight on all parcels 
within the development for public health, 
aesthetic, and other purposes, specifically 
including access to sunlight for solar energy 
coltectors. 



The two introductory sentences would preface 
the list of restrictive covenants, which in some de- 
velopments might number 20 or more. Of course, 
"covenant (1)'' alone would be valid were it one in 



a list of other covenants if the list were validly in- 
corporated into a plat or deed and the covenant 
were consistent with others in the list. 

The phrase "vegetation, structure, fixture, or 
other objects/' with the stated exclusions, in- 
cludes everything that might cast an appreciable 
shadow, tt should not be necessary in the cov- 
enant to define individual words, but the planner 
should be familiar with some of the key concepts 
of the covenant, 

"Vegetation" is self-explanatory. Discussions on 
the different shading characteristics of tree 
species are in the chaoter on trees . 

"Structure" can be defined as "anything con- 
structed or installed or portable that requires for 
nomnal use a location on a parcel of larKl, This in- 
cludes any movable structure located on land 
which can be used either temporarily or pemna- 
nently for housing, business, commercial, agricul- 
tural, or office purposes," This is a modified defini- 
tion of one in American Law Institute, A Model 
Land Oevelopment Code (1976), 

"Fixture" may be defined as "personal property 
which hai' become so affixed to real property that 
it cannot be removed without damage to the real 
property," Iror convenience, tfis definition some- 
times is included within "structure,'* by adding a 
sentence such as, '1t also includes fences, 
billboards, poles, pipelines, transmission tines, 
and advertising signs," 

The restriction on shadows 's designed to allow 
the siting of solar energy collectors in yards as 
well as on structures. The sample distance of 20 
feet in the covenant example should be adjusted, 
of course, to fit specific circumstances. The dis- 
tance selected will depend on such factors as 
latitude, topography, lot size, and density of struc- 
tures. Developers considering covenant provi- 
sions similar to this examole a lso nf>py ""^^ to- 
restnct shading only across the northern lot line, 
instead of across any lot line. Whether a proposed 
object will violate the covenant can be detemnined 
with knowledge of the latitude of the development 
and the proposed height and distance from the lot 
line of the object. The shadow length tables in Pre- 
liminary Site Planning can be used to calculate 
the appropriate distances across any lot line, and 
the shadow projection table in Appendix III can be 
used to calculate appropriate distances across 
northern lot lines. 

Three hours before and three hours 3fter solar 
noon nomnally are adequate for the effective op- 
eration of solar energy collectors, both active and 
passr'e. These times generally correspond to the 
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Private Agreements to Protect Solar Access; 
Covenants and Easements 



45-degree azimuths used to define solar sky- 
space in most latitudes, but they also can be ad- 
justed. For example, six hours might be sufficient 
in winter, while-^even or eight might be needed 
during the summer* when the solar energy system 
might be used for air conditioning. It is unrealistic 
to expect the land surface to be free of shadows at 
ail times* because this would require an un- 
obstructed landscape rrom horizon to horizon. 

Standard Time might be selected as the refer- 
ence time because of its practicality. Mean solar 
time might be preferable from a technical point of 
view, because it corresponds more accurately 
with the position of the sun (the sun is directly 
south at mean solar noon), but Standard Time is 
more familiar. This requires that mean solar time 
must be converted to Standard Time by the drafter 
of the provision. The developer must keep in mind 
the necessity of this converston (which depends 
on the longitude of the development site) when 
using Standard Time in the covenant provision. 

The covenant creates a common ptan to pro- 
vide direct sunlight for rather broad purposes* not 
solely for solar energy collectors, because this al- 
lows greater flexibility in the interpretation of the 
covenant with regard to changing technologies 
and neighborhood conditions. 



Accommodating Change 

Changing circumstances and chanr^ing tech- 
nologies must be kept in mind when considering 
covenants of this type. Statutes in some states 
limit the applicability of covenant provisions. State 
legislatures, realizing that covenant restrictions 
might not be appropriate if enforced in perf^etui^, 
limit the duration of such restrictions. For example, 
Georgia limits restrictive covenants to 20 years, 
Massachusetts to 30 years, and Minnesota to 40 
years. These statutes allow parties to renew the 
covenants and restrictions anytime before the 
end of the statutory term. 



Easements 

Easements are another type of private agreement 
that can be used to protect solar access. Ease- 
ments are interests in real property that can be 
transferred like the property itself. One of the most 
common examples is a utility easement, a right 
purchased or othenA^ise obtained by a utility com- 



'ThomaSn Millar aad Robbms. Overcommg iegat Uncertatntm 
About Use of Soisr Energy Systems, p 45 
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pany to run utility lines across property. Ease* 
ments for solar access would be negotiat<:d by in* 
dividual lot owners or by a developer with the 
owner of adjacent property. Essentially, the owner 
of the burdened property agrees to keep areas of 
his property free of objects that could shade the 
neighboring sdar collector. Easements are re* 
corded with a public agency* usually the city clerk 
or registrar of deeds, 

A solar ear^ment is a negative easement. An 
affirmative eac^ent allows somebody to enter or 
cross land belonging to someone else, A negative 
easement prevents one landowner from doing 
something that otherwise would be allowed, such 
as erecting a building that can cast a shadow on a 
solar collector on an adjacent lot. 

Easements for solar access protection may be 
drafted under existing property law in all states. A 
number of states, however, have adopted specific 
legislation which sets forth the technical require- 
ments for solar access easements, A landowner 
considering solar access easements should 
check the st;^te law to make sure that the ease- 
ments are both recordable and enforceable. 

Shown below is a solar access easement/ Its 
content and format are only illustrative. 

Solar Skyspace E:asement 

Section 1, Estates Burdened and Benefited by 

the Solar Skyspace Easement 

{Grantor(s)] hereby conveys, grants* and war- 
rants to [Granteets)] for the sum of [$ ] a 

negative easement to restrict in accordance with 
the following terms the future use and develop- 
ment of the real property of Grantor(s) recorded 
as follows with the [registrar nf deeds] of 
[CountyJ: 



The boundaries of the solar skyspace for the 
solar collector(s) of Grantee(s) are as follows: 

[Altemative (A)] All space over the above- 
described property of the Grantor(s) at a 
height greater than [30 feet]. 

[Alternative (B) I All space at a height greater 
than [30 feet] over the above-described 
property of the Grantor(s)* extending from b 
line parallel to and [25 feet] from the [front] 
property line along [Plum Drive] to a line 
parallel to and [55 feet] from the [rear] prop- 
erty line at the [east] edge of the [Plum 
Orchard Subdivision], 
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[Attemative (C)] All space over the above- 
described property of the Grantor(s) at a 
height above the burdened property that is 
described by a plane that intersects the prop- 
erty line between the burdened and benefited 
estates and that extends [southward] over 
the burdened property at an angle. 



Section 2. Conditions of the Easement 
[Alternative (A)] No stnjcture, vegetation, or 
activtly of land use other than the ones which 
exist on the effective date of this easement 
and which are not required to be removed 
herein or excepted herein shall cast a shadow 
on the solar energy colledor(s) of Grantee{s) 
described above during the time specified in 
this section. Exceptions are utility lines, an- 
tennas, wires, and poles that in the aggregate 
do not obstruct more than 1 percent of the 
light that otherwise would be received at the 
solar energy collector{s) and [other 
exceptions]. 



[Optiorian A shadow shall not t>e cast from [3 
hours] before noon to [3 hours] after noon 
from [September 22 through March 21] and 
from K hours] before noon to [4 hours] after 
noon from [March 22 through September 21L 
when all times refer to mean solar time. 



[Alternative (B)] No structure, vegetation, or 
activity or land use other than the ones which 
exist on the effective date of this easement 
and which are not required to be removed 
herein or excepted herein shall penetrate the 
airspace at a height greater than t ] 



-o ver the 4 a b ov e- d es cribod roo l prope rty or 



Grantor(s}/fotlowing areas of the above- 
described reat property of the Grantor(s} 
[ ]] with the exception of [ ]. 



Section 3. Effect and Termination 

Burdens and benefits of this easement are 
transferable and run with the land to subsequent 
grantees of the Grantor(s) and of the Grantee(s), 
This solar skyspace easement shall remain in ef- 
fect until use of the solar energy collector(s) de- 
scribed above is abandoned but not sooner than 
[10 years] after creation of this easement, or until 
the Grantee{s) and Grantor(s) or their successors 
in interest terminate it. 



Section 4. Definitions 

Define solar energy cdlector, solar skyspace 
and structure. 



Section 5. (Optional) 

The attached map showing the affected proper- 
ties and the protected areas of the solar skyspace 
is incorporated as part of this instrument. 

Section 6. [Other matters depending upon state 
laws: notary clause, signatures, attestation* and 
recordation]. 



Several alternatives are presented for Section 1 
and Sedjon 2 of the sample easement. In Section 
1, three different alternative clauses are used to 
define the boundary of the easement established 
by the instrument. Alternative (A) uses an ap- 
proach analogous to the height restriction of a 
conventional prescriptive zoning ordinance. Alter- 
native (B) uses a similar approach but limits the 
development restriction to only a portion of the 
burdened lot. Altemative (C) uses an approach 
similar to the bulk plane provisions in .)ome zoning 
ordinances. 

Section 2 also considers alternative conditions, 
IWo alternative sections of the casement are pro- 
vided, but they accomplish almost identical objec- 
tives. The restriction can be defined as in Alterna- 
tive (A)» where a three-dimensional space is de- 
fined within which development is allowed, simitar 
to the bulk plane and building envelope 
techniques found in public zoning. Altemative (B) 
is similar to a performance standard limiting the 
times of day which a collector must remain 
unshaded. T he choices arc similar to the land-use 
control techniCjOto diSCuL^sed in the companion 
guidebook. 



Protecting Solar Access. 

In both easement provisions, the numt>ers and 
phrases inserted in the brackets depend on a 
number of factors — such as the latitude and to- 
pography of the site, the use and location of the 
proposed collector system, the solar access ob- 
jectives of the parties creating the easement, and 
the degree of development restriction both parties 
are willing to tolerate to achieve sotar access. 
Thus, the number and descriptive terms must be 
created on a case-by-case basis and no uniform 
suggestions can be made. 
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It must be remembered that an easement to 
pFOted solar access affects mty tf)e lots benefited 
or burdened it Usually, easemente are fndi- 
viduatly negotiated and often when someone 
wishes to install a solar collector. 



ACTIVE (OR INDIRECT) SOLAR ENERGY 
SYSTEM— a system m which the cotleclor and 
thermal storage components are separated and 
requim a pump or fan to circulate the sota^h0ated 
fluid t>etw0en them. The choice of locirtion tor ac- 
tive collectors is flexible; rooftops are commonly 
used. 

AUnrUOE—orw of two angles used to specify the 
suns position at any given time; altitude is the 
angle of the sun atx)ve the horizcmtal 
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ANGLE OF INCIOENCE-the angle at which di- 
rect sur^l^ ^Oikes a surface. The angle of inci- 
denoe elfects the amount of energy ^)sort>ed by a 
sotar collector. SunKght an incident angle 
dose to 90^ (perpendteular to the surface) tends 
to be absort>ed, white lower angles tend to reflect 
light. 



COLLECTOR 




HIGH 
ABSORPTION 





LOW 

ABSORPTION 



BTU OR BRITISH THERIUtAL UNIT— the quan- 
tity of Heal required to raise one pound of water 
one degree F. 

BUILDING ORtENTATIOI^-^ relationshtp of a 
building to south. A building's orientation is 
specified by the direction of its longest axis. 



AZIMUTH (SOLARH-one of two angles used to 
specify the Sun's position at any given time: 
azimuth Is the angle between south and tfie point 
on the horizon directly below the sun (Artde^on, 
1976). South is 0^ and angles to the east aind west 
are descriljed as 0* to 18(rE or 0* to 18(rW. 




Appendix I: Glossary 



COLD NIGHT SKY-Hhe (ow effective tempere- 
ture of the sky on a dear night Most of the heat 
radiated firom a body outdoors is given off to the 
cold night sky This process is used by radiative 
natural coolNig systems having roof ponds. Sky 
access for such systems is not crucial, with over 
80% of racfiant heat toss occurring to the sky 3(f 
at»ove the horizoa 



COtXECTOR— any devtoe or area that uses the 
sun*s energy to heat domeslte water or to heat, 
cocH, or light a living space. This Droad definition 
includes not only ^miliar space and ctomestic 
water heating system collectors t)ut atso collec- 
tors for space cooling. 

COIXECTOR EFRCIENCY-- the percentage of 
sunHght reaching the collector surface that can l>e 
extracted as useful energy (Anderson, 1976). 

COOL NORTH SKY— the area of north sky with 
relativety tow temperature on dear days. Heat can 
be dissipateJ during the day from a surface 
shaded-from the sun Bnd facing rwlh. This is 
made possibto t>y the cool spot in the sky that oc- 
curs at the {Mint opposite frcHn and at a right angle 
to the sun. Averaged over the da^ the coolest 
spot is due north at an angto of etovatton from the 
horizon equal to 9(f minus the altitude of the sun 
at noon. This can l>e an effective method for 
natural cooling using shaded roof pond systems. 



o 




Daytime heat dissipation to the cool nofth sky 



DIFFUSE SUNLIGHT— suNight that reaches the 
earth after t>eing reflected off atmospherto parti- 
des. On a ctoudy day (Effuse light may account 
for alt the sunlight received at the surface. Diffuse 
sunBght comes atong no set path; it generally 
comes from the entire skyvault, the most coming 
from the area of the sky near the sun. 

DIRECT SOLAR ENERGY SYSTEM-^ Pas- 
sive Solar Energy Systems. 

DIRECT SUNLIGHT— sunlight that comes 
straight from the sun. Skyspace angles and most 
solar planning guMelines are teased on direct sun- 
light Direct simlight has higher intensity than dif- 
fused simHghL 

DlSSlRAJOR-^any device used to dissipate or re- 
ject heat in natural cooNng systems. Dissipators 
typically work t>y radiation, evaporation^ or con- 
ductkMY. They range frcMn operat)te windows used 
fbr night vent3latk)n to more complex roof ponds. 

EASEME^f^*-a form of private agreement with 
the potential to protect solar ao^ss. Easenwnts 
are interests in property, which can be txxjght and 
sold like properly itself. A common example is the 
utility easement. 

ENERGY SHARING— collecting solar energy on 
one bulking or portion of a building and distribut- 
ing itto other areas wNch have poor solar access. 
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EVAPORATIVE COOLING— coding provided by 
the evaporation of water Evaporative cooling 
uses water's ability to absorb and store heat in the 
evaporative processi cooling itself and the envi- 
ronment in contact with it. TNs process is most ef- 
fect duHng daytime hours; therefore most sys- 
tems using this principle require integral shading 
devices. 



INDIRECT SOLAR ENERGY SYSTEMS— see 
Active Solar Energy Systems. 

LOCAL SOLAR TIME (LOCAL APPARENT 
SOLAR TIME)— time measured by the actual lo- 
cation of the sun> R>r examplei noon occurs when 
the sun aligns with the north/south axis of the 
earth. 



MICROCLIMATE— the dimate of a specific site or 
portion of a site. Microdimates result from the 
overall regional dimate as it is affected by local 
site conditions, Induding groimd slope and orien- 
tation, topographic features, elevation, vegeta- 
tiont winds, water bodies, ground surface, and 
buildings. These microdimatic influences affect 
both the heating and cooling requirenfients of 
houses and their potential for solar access. 

NATURAL COOLING— space cooling altematlves 
to energy-consumptive central air-conditioning 
systenfis. The five principal means of natural cool- 
ing are: shading, ventilation, conduction control, 
radiation, and evaporation. 



NORTH PROJECTION— the length of an object's 
shadow pattern measured along the north/south 
axis. 




THESE DISTANCES ARE THE NORTH 
PROJECTION OF THE BUILDING SHADOW. 
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ORIENTATIOtsl-^e position of an object with re- 
spect to true compass points. (See Building 
Orientation.) 



PASSIVE (OR DIRECT) SOLAR ENERGY 
SYSTEM— a system where the collector and 
thermal storage components are integratedt re- 
quiring no ti^tnsfer device for solar-heated fluid. A 
passive systems tends K) have less hardware 
than an active system; it is usually tHJilt as an es- 
sential component of the building rather than as 
an addition. 



PLANNED UNIT DEVELOPMENT (PUD)— a de- 
vatopment planned as a whole* where conven- 
tonat stixtiviston regulations (such as type of 
housing, height limitations, setbacks, densities, 
and minimum lot sizes) are waived to allow more 
design flexibifrty arKl amenities. This kind of de- 
velopment has greater potential for solar access 
planning than does conventional development 



RADIATIVE COOLING—cooling provided by 
warm surfaces radiating excess heat to coot sur- 
faces. Water bodies (roof ponds) and massive 
construction materials (concrete and stone) ab- 
sorb heat from interior spaces during daytime 
hours and radiate it away at night. (See Cold Night 
S\of and Cool North Siof), 

RESTRICTIVE COVENANTS— the most com- 
mon form of private agreerr>ent that can be used 
to protect solar access; a restrictive covenant is a 
contract between two or mora people wNch in* 
votves mutual promises of redpvocal benefte and 
burdens among the contracting landowners. 

SKYSmCE— ttiat portion of the sky which must 
remain unobstructed for a cottector to operate ef- 
fectively Protecting sdar access simply means 
locating objectSr such as buitdings and trees, 
where they will not shade a coUedor's skyspace. 
SlQ^pace is specified by using latitude^ependent 
skyspace angles* which give the sun's positk)n at 
critical times. Skyspace requirements vary with 
latitude and the use pattern of the collector 



SKYSPACE 
BOUNDARIES 




^^Skyspace**— that portion of the sky which must 
remain unobstructed for a collector to operate 
effectively 
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SOLAR ACCESS— allowing sunlight to strike a 
solar collect. This is accomplished by tocating 
ot>struclions, such as tHJildings and trees, where 
their shadows will not fall on a collector during crit- 
ical periods of operation. The concept of skyspace 
defines that portion of the sky which must remain 
unobstructed and defines specified critical angles 
for use in solar planning. 

SOLAR ANGLES— angles used to specify the 
sun's positton at a given time. (See Altitude and 
Azimuth.) 

SUN TEMPEREO~a building whose tong walls 
arxl maior glazing surfaces are oriented to the 
south. This maximizes benefiaal sunlight warm- 
ing the bulking in winter. Overhangs or shsKfing 
devices shade glazing to minimize unwanted 
heat gain in summer Solar tempering can be 
used to advantage in almost all climates. 

SURFACE-TD^VOLUME RATIO— the ratio of ex- 
posed surface of a buikUng to occupied volume. A 
measure of exposure to harsh cTimate conditions 
causing unwanted heat loss and heat gain. 
(Lower numbers are d^irable). This ratio is espe- 
cially useful in evaluating alternative building 
forms. 

THERMAL MASS— any material used to store the 
sun's heat or the nighfs coolness. Water con- 
crete, and rock are common choices for thermal 
mass. In winter thermal niass stores solar energy 
collected during the day and releases it during 
sunless periods (nights or doudy days). In sum- 
mer, thermal mass absorit>s excess daytime heat 
and ventilation allows it to be discharged to the 
outdoors at night 

THERMOSIPHON— a method of circulating a 
fluid in which the warmer, less dense portk>n rises 
at)ove the cooler This method can be used in 
place of pumps to transfer solar-heated water or 
atr 

USE PATTERN— the use pattern of the solar 
energy system refers to the time when the system 
is needed. The dSai/y use pBttern for reskiences is 
both day and night, white offices and schools may 
be used only during daytime hours. The yearty 
use pattern, is related to the function of the sdar 
energy system; for example* space heating is 
used only during the cold season, while domestic 
water heating is used all year The use pattern 
largely determines the skyspace requirements of 
the solar energy system. 
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The recommended 45^degree solar skyspace 
azimuths are suitable for latitudes up to 40 de- 
grees north. Beyond that, the solar altitudes at the 
winter solstice (December 21) are too restrictive at 
the am, and p.m. azimuth angles. At 45 degrees 
north latitude, for example, the a.m, ar>d p.m. 
solar altitude is 4.4 degrees; at 48 degrees north 
latitude, the sun is only 2.4 degrees above the 
horizon at the a.m. and p.m. hours. These km 
solar altitudes are clearly unsuitable for two 
reasons: first, solar radiation below 12 degrees al- 
titude is reduced in intensity because the atmos- 
phere itself absorbs radiation before it strikes the 
collectof and second, shadow lengths at the 
stice at that latitude would be so great that de- 
velopment on lots to the south of the ooltector 
would be unduly restricted. 

lb define solar azimuths for the higher latitudes, 
a solar skyspace of 50-degree azimuths for the 
a.m. and pm an^es is suggested. At winter sol- 
stice, the sun will be more than 12 degrees 
dtowe the horizon only at azimuths plus or minus 
38 degrees (for 45 degrees north latitude) ar>d 32 
degrees (for 48 degrees north latitude). As the 
sun rises higher in the sky in the fall and spring 
months, however, the wider skyspace angles 
atkw more solar radiation to fall on the collector 
at times other than around the winter solstice, as 
the sun's path across the sky describes an arc 
lying al>ove the critical 12-degree altitude for 
longer periods of time. This vrider skyspace defi- 
nition would allow usable solar rac^tion in the 
spring and fall months, which still have appreci- 
able solar heating requirements as a result of the 
cooler, northem climate. The site planner, how- 
ever, must remember that adopting a solar sky- 
space definition using 50-degree azimuths for tt^e 
a.m. and p.m. hours allows increased solar ac- 
cess during the entire heating season at these 
higher latitudes. 

If the topography, density, or latitude of a com* 
munity make a winter solstice period too restric- 
tive, other star>dards can be adopted. Another im- 
portant factor is tree foliage. Obviously, a tree with 
few or no leaves in winter may be full of leaves in 
the middle of summer. This factor has to be taken 
into account in using the winter solstice to deter- 
mine skyspace. 
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As mentioned earlier some uses of solar 
energy do not require that the solar skyspace be 
based on winter conditions. A solar collector for a 
cooling system that is used only in the warmer 
months can have a completely different skyspace 
requirement than a system used for winter heat- 
ing. I=br example, because of the higher collector 
temperatures needed to evaporate the coolant, 
cooling systems using absorption cooling 
mechanisms require a much wider solar skyspace 
than the 45-degree skyspace defined for winter 
heating. In that the sun is higher in the sky during 
the summer months, there is a longer period of 
time during the day when solar radiation is availa- 
ble to the colleaor The longer time period when 



the sun is above the critical 12-degree altitude re- 
suits in a skyspace that is defined by much larger 
azimuths than the 45-degree boundaries of the 
winter skyspace. Similarly, solar cooling systems 
using radiation or evaporation as cooling 
mechanisms may require solar access that en* 
compasses the cool north sky or the entire cool 
night sky. However defined, this access, if un* 
obstructed, permits the maximum practical 
amount of sunlight to reach the solar colleaor 
over tfie course of the required period of use. 

Figure 106 gives recommended skyspace 
azimuths and their corresponding altitudes for dif- 
ferent latitudes, with the percentages of daily 
radiation yielded by using those angles. 



Figure 106. Recommended Skyspace Angles for December 21 



AM/PM Position* Percent 



N. Latitude 


Azimutti 


Altitude 


Noon Altitude 


Radiation"* 


25° 


45° 


25° 


42- 


76% 


30P 


45^' 


20° 


37* 


80% 


35° 


45' 


16^ 


32° 


85% 


40P 


45° 


12° 


2r 


90% 


45°" 


(50P) 


(12-) 


22° 


88% 


48°" 


(50P) 


(12-) 


18^ 


87% 



*The AM/PM angles presented in this chart are the same for both east of south and west of south. 
For examplei if the skyspace azimuth is 50^, then the protected area goes from 50^ east of south to 
50^ west of south. 

"The 50^ azimuths are not based on December 21st. but are suggested as a compromise to assure 
sotar access during the entire heating season exclusive of the winter solstice period. Similarly the 12 
degree altitudes apply only to those months when the sun's path is 12 degrees above the horizon 
within the 50 degree azimuth angles. 

***Radiation is based on the percentage of total available radiation falling on a horizontal surface on 
Decemt>er 21 Example:. If the skyspace between 4S^ east of south and 45° west of south is 
protected at 30^ latitude, then 60% of the availat)le radiation will strike the collector. If the collector is 
tiftedt then these percentages may be even higher 
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Appendix III: Shadow Length 
Tables and Equation 



Those tables give the shadow length on December 
21 of a one*16ot pole for varying latitudes and di- 
rections and degrees of stopes^ The a*m. and p^m. 
values correspond to 45 degree azimuths that are 
used to define the day's period of usable solar 
radiation. The figures are rounded off, and there 
may be some enors In shadow length for steeper 
slopes or taller buildings at 45 degrees and 48 d^ 
grees north latitude, where the rounding-off error 
may be multiplied extensively. 



Figure 108. Shadow Length Tables 



25^ NORTH LATITUDE 

N NE E SE 

SLOPE AM NOON PM AM MOON PM AM NOOM PU AM MOON PM 

0% 2.1 1.1 2.1 2.1 1.1 2.1 2.1 1.1 2.1 2.1 1.1 2.1 

5% 2.3 1,2 2.3 2.1 1.2 2.4 2.0 1.1 2.3 1.9 1.1 2.1 

10% 2.5 1.3 2.5 2.1 1.2 27 t.8 1.1 2.5 1.7 1.0 2.1 

15% 2.7 1.4 2.7 2.1 1.3 3.1 1.7 11 2.7 1.6 1.0 2.1 

20% 3.0 1.5 3.0 2.1 1.4 3.6 t.6 1.2 3 0 1.5 1.0 2.1 
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AM 


NOON 


PM 


AM 


NOON 


PM 


AM 


MOON 


PM 


AM 


MOON 


PU 


AM 


MOON 


PM 


0% 


2.7 


1.3 


2.7 


2.7 


1.3 


27 


2.7 


1.3 


2.7 


2.7 


1.3 


2.7 27 


1.3 


2.7 


2.: 


1.3 


2.7 


2.7 


1.3 


27 


2.7 


1.3 


2.7 


5% 


2.9 


1.4 


2.9 


2.7 


1.4 


3.1 


2.4 


1.4 


2.9 


2.4 


1.3 


2.7 


2.4 


1.3 


2.4 


2.7 


1.3 


2.4 


2.9 


1.4 


2.4 


3.1 


1.4 


2.7 


10% 


3.3 


1.6 


3.3 


2.7 


1.5 


3.6 


2.2 


1.4 


3.3 


2.1 


1.2 


2.7 


2.2 


1.2 


2.2 


2.7 


1.2 


2.1 


3.3 


1.4 


2.2 


3.6 


1.5 


2.7 


15% 


3.7 


1.7 


3.7 


2.7 


1.6 


4.4 


2.1 


1.4 


3.7 


1.9 


1.2 


2.7 


2.1 


1.1 


2.1 


2.7 


1.2 


1.9 


3.7 


1.4 


2.1 


4.4 


1.6 


2.7 


20% 


4.3 


1.9 


4.3 


2.7 


1.7 


5.7 


1.9 


1.4 


4.3 


17 


1.2 


2.7 


1.9 


1.1 


1.9 


2.7 


1.2 


17 


4.3 


1.4 


1.9 


5.7 


17 


2.7 




Af^ncfoc til; 
Shadow Length Tables and Equation 

36^ NORTH UTITUDE 

N NE E SE S SW W NW 

SL0P€ am NOOH PM am noon PM am MOOtI PM AM NOON PM AM NQON PM AM NOON PM AM NOON ^ AM NOON PM 

0% as v6 as as ve as as 1,6 as as ve a.s as 1,6 as as 1,6 as as 1,6 3.s as 1,6 as 
s% 4,0 1,8 4,0 as 17 4,2 a 1 1,6 4,0 ao i,s as ai i,s ai as i,s ao 40 1,6 3.1 4,2 1.7 as 
10% 4,6 2,0 4,6 as 1,8 5,3 2,8 1,6 4,6 2,6 i,s as 2,8 1,4 2,8 as 1,5 2,6 4,6 1,6 2,8 S.3 1,8 as 

1S% S,S 2,2 S,S as 2,0 7,2 2,S 1,6 S,S 2,3 1,4 3.S 2,S 1,3 2,S aS 1,4 2,3 S,S 1,6 2.S 7,2 2,0 aS 
20% 6,8 2,S 6,8 as 2.2 1t,4 2,3 1 7 6,8 2,0 1,3 as 2,3 1,3 2,3 as 1,3 2,0 6,8 1,7 2,3 114 2,2 as 



40P NORTH UTITUDE 

N NE E SE S SW W NW 

SLOPE AM NOON PM AM UOON PM AM NOON PM AM NOON PM AM NOON PM AM NOON PM AM NOON PM AM NOON PM 

0% 4,8 2,0 4,8 4.8 2,0 4.8 4,8 2.0 4,8 4,8 2,0 4,8 4.8 2,0 4,d 4.8 2,0 4.8 4,8 2.0 4.8 4.8 2,0 4,8 

S% S,7 2,2 S,7 4,8 2.2 6,2 4,1 2,0 S,7 3,8 1,9 4,8 4,1 1.8 4,1 4,8 1,9 a8 S,7 2,0 4,1 6,2 2,2 4,8 

10% 7,2 2,S 7,2 4,8 2,3 9,1 a6 2,0 7,2 3,2 1,8 4,8 3.6 1,7 a6 4,8 1,8 a2 7,2 2.0 3,6 9.1 2,3 4,8 

1S% 9,6 2,9 9,6 4,8 2,6 16,6 3,2 2,0 9,1 2,8 1,7 4,8 3,2 1,6 3,2 4,8 1,7 2,8 9,6 2,0 3,2 16.6 2,6 4,8 

20% 14,S 3,4 14,S 4,8 2,8 97,S 2,8 2,0 14,S 2.4 1,6 4.8 2.8 1,S 2,8 4.8 1,6 2.4 14,S 2.0 2.8 97,S 2,8 4,8 



46^ NORTH UTITUDE 

N NE E SE 

9L0PE AM NOON PM AM NOON PM AM NOON PM AM NOON 

0% 7.2 2.S 7,2 7.2 2.S 7,2 7,2 2,S 7,2 7,2 2,S 

S% 9,6 2,9 9.6 7,2 2,6 11,2 S.7 2,S 9,6 S,3 2,3 

10% 14,6 3,4 14,6 7,2 3,1 2S,6 4,8 2.S 14,6 4,2 2,2 

1S% 3^1,3 4,1 30,3 7,2 3,S — 4,1 2.6 30.3 3,5 2,0 

20% — 5,2 — 7.2 4.0 — 3,6 2,6 ~ 2,9 1.9 



S SW W NW 

PM AM NOON PM AM NOON PM AM NOON PM AM NOON PM 

7,2 7,2 2,5 7,2 7,2 2,5 7,2 7,2 25 7.2 7,2 2,5 7,2 

7.2 5,7 2,2 5,7 7,2 2,3 5,3 9.6 25 5,7 11.2 2.8 7,2 

7,2 4,8 2,0 4.8 7,2 2,2 4,2 14.6 25 4,8 25,6 ai 7,2 

7,2 4,1 1,9 4,1 7,2 2,0 aS 30,3 2,6 4,1 — aS 7,2 

7.2 3,6 1,7 a6 7,2 1,9 2,9 — 2.6 3.6 — 4,0 7,2 



48" NORTH UTITUDE 

N NE E SE S SW W NW 

Slope am noon pm am noon pm am noon pm am noon pm am noon pm am noon pm am noon pm am noon PM 

0% 10,1 3.0 10,1 10.1 3.3 10,1 10.1 3,0 10,1 10,1 3,0 10.1 10,1 3,0 10,1 10,1 3,0 10,1 10,1 3.0 10,1 10,1 3,0 10.1 

S% 15.8 3.5 15,8 10.1 3,3 20,5 7,5 3.0 15.8 67 2.7 lO.I 7,5 2.6 7,510,1 2.7 6.715.8 3,0 7.5 20.5 3,3 10,1 

10% 35,7 4,3 35,710,1 3.8 — 5,9 3,0 35.7 5,0 2.5 lO.l 5.9 2,3 5,910,1 2j6 5.035,7 3.0 5,9 — 38 10,1 

15% ^ 5.4 ~ 10,1 4,4 — 4.9 3.0 — 4,0 2.3 10,1 4,9 2,1 4.9 10,1 2.3 4,0 — 3,0 4.9 — 4,4 10,1 

20% — 7.5 ~ 10,1 5,2 — 4,2 3,0 — 33 2,1 10,1 4.2 1,9 4,210,1 2,1 3.3 — 3,0 4.2 — 5.2 10,1 



1 Or. 
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Shadow Length Tables and Equation 



Figure 109. Calculation of ^ope Percentage 




vertic^ distance _ V_ _ 0| OPP 
"horizontal distance |-| \/of 



PROBLEM — TO FIND SLOPE OF AB 




H = 500' 

STEP 1; 
ESTABUSH 
HORIZONTAL 
DISTANCE 




AB= 
strwe scale is r = 
then^ 

Vi X 1000 = 500 
AB= 500' 



1000' 



V = 20' 

STEP 2: 
ESTABUSH 
VERTICAL DISTANCE 




Since vertical distance 
equals the difference 
between contours, and 
since contour interval on 
^is map is 20 teet. 
then; A - B = 
740' - 720' = 20' 



SOLUTION 

Source: The LafKl Book Oftice of Compreherwtve Planning. N.H.. 1976 



= 04 

H 500' 
SLOPE AB = 4% 



Calculating Shadow Patterns 

Shadow patterns may be catculated graphically by 
formula or by using the shadow length tables. In 
etttier case, various shadow lengths for each time 
of day are laid out on paper and connected to form 
the final pattern, Befow is an example of how to de- 
velop a shadow pattern using the shadow length 
tables in the Appendix, 

The example shows how the shadow pattern of a 
pole is calculated. The pole is used because it is 
the simplest ground*anchored object that can cast 
a shadow. More complex objects such as trees or 
houses can be represented by a composite of 
poles to calculate their shadow patterns. 



Calculating the Shadow Pattern of a Pole 

Pole is 30 feet high. 

Latitude of location is 40 degrees north, 

Pole is on land that slopes to the southeast at 
a 10 "lercent grade. 

Step 1 : From the appropriate table (in this case 
the 40-degree table) find the shadow 
length values for a.m„ p.m,, and noon. 

Read the intersection of the columns 
labeled "S.E." and "10 percent/' as in- 
dicated on the chart, 
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Appendx 
Shadow Length 'Eibles and Equation 



40P NORTH LATITUDE 

N NE E SE S 

SLOPE MA HOOH PM MA NOON PM AM ttOOH PM MA NOON PM MA NOON Hit 

0% 4.8 2,0 4.8 4.8 2.0 4.8 4.8 2.0 4.8 4.8 2.0 4.8 4.8 2.0 4.8 

5% 5.7 2.2 5.7 4.8 2.2 6.2 4.1 2.0 5.7 3.8 1.9 4.8 4.1 1.8 4.1 

10% 7.2 2.5 7.2 4.8 2.3 9.1 3.6 2.0 7.2 3.2 1.8 4.8 3.6 1.7 3.6 

15% 9.6 2.9 9.6 4.8 2.6 16.6 3.2 2.0 9.1 2.8 1.7 4.8 3.2 1.6 3.2 

20% 14.5 3.4 14.5 4.8 2.8 97.5 2.8 2.0 14.5 2.4 1.6 4.8 2.8 1.5 2.8 



Step 2: The values given in the Utble are for a 
one-foot pole» so they must t>e muVSh 
pUed by tfie height of the poie» in this 
case 30 feet 



The resuUing figure appro^cimates the comf^ete 
shadow pattern^ which» if perfectly plotted* would 
result in a cun/e opposite the right angle. If a pat* 
tern closer to the true one is desired, additional 
shadow lengths for other times of the day can be 
drawn in to fill out the cun/e. 



a.m. value x pole height = a.m. shadow length 
3.2 30 96 feet 

noon value x pole height = noon length 
1.8 30 S4teet 



pin. value 

4.8 



pde height = 
30 



p.m. length 
144 feet 



Step 3: Scale the shadow lengths out on paper 
as viewed from overhead and connect 
the end points. 




144' 



45^ boundaries of skyspaoe are used to define 
area of shadow that wiu block important sunlight. 



Appendix 111: 

Shadow Length TabHes and Equation 



Otttrmlnlng th« Shadow Pittom for a Building or 

The shadow pattern for a building or tree can be 
determined in much the same way used to deter- 



mine the pattern for a single pole, by treating a 
buitding or tree as a number of poles, as picftjred 
below. 



Figure 1 10. Refxesenting a Buitdrng or Tfee as Rofes 




Keep in mind that trees have depth, the same the tree crown "centertine." 1^ees writh various 
as buildings. For maximum accuracy, therefore. common shapes also can be represented by 
additional poies should be located to the north ci poles of varying heights. 



Figure 111. Representing Common ITee Shapes as Roles 




AppendbOM: 
Shadow Length Wbs and Equation 




The shadow lengths for each pole at the crittca] 
times of day are laid out and the composite yields 
the pattern for the tHJilding or ^ee. The following 
exampte shows how this is done for a tHJikMng and 
Uee simultaneously: 

Building is 9' high at eaves and 12' high at 
peak. 

Tree is 40' high and 30' wide. 

Latitude of location is 39" north. 

Land slopes to southwest at 15 percent 
grade. 

Step 1: Draw an overt^ad plan of the txtHding 
and ^ee using a series of poles. 

Step 2: From the appropriate tat>le, in this case 
for 35 degraes, find the shadow length 
values for &m.t noon, and p.m. They 
are: 

a*m.— 2.3 noor>— 14 p.m.— 3.5 

Multiply the ratios times the height of 
the poles used in the tHJikHng and tree 
examples. 



Step 3: Scale the shadow lengths out on the 
overhead views of the tHJildlngs and 
tree. The tXHindaries of the skyspace 
in this case are 45 degrees, so the am 
and p.m. shadow lengths are Udd out at 
45 (togrees east and west of north. (In 
a Nation where another skyspace 
angle is used, say 50 degrees, this 
angle shouM be used in the shadow 
pattern.) Fkially, connect the end points 
of the shadow tines for the shadow 
pattem. 





Height 


Shadow Length 




of 






Poie 


A.IM. Noon P.M. 


Building 


9' 


21' 13' 32' 




12' 


28' 17' 42' 


Tree 


40' 


92' 56' 140' 



ERIC 
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BUILDING TREE 




ENLARGED BUILDING SHADOW N ENLARGED TREE SHADOW 



O 

ERIC 
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oiwoviv Lwiyui raniHitw 

White the shadow length charts are useM in most 
situations, they are sfighUy inaccurate as a result 
ol "nxindif^ olT errors. But what atxxit a com- 
munity that does not lie directly on an exact 
latitaJde ^wwn in the chart, or a site that Kes on a 
soiMh by southeast slope or on a gradtent of 12 
percent, none d which are shown on the shadow 
length charts? The following shadow length equa- 
tions increase the accuracy d the charts, so that 
planners can develop precise data for local dr- 
cumstances. for commur^ties where such a hi^ 
degree d accuracy is not warranted, ttve approxi- 
mations shown in the s.*tadow length charts 
should be suf5cient. lb achieve maximum accu- 
racy, however, it is necessary to know the exact 
laAiUxle and the exact solar attitude and azimuths 
at that latitude. These can be gathered from a 
Nwtic^ Almanac or from the ASHRAB Hand- 
book of Fundamant^, published by the Ameri- 
can Society of Heating, Refrigeration and Air 
ConcStioning Engines. 

Ttie following a^eviattons are used in the 
equations: 

A) solar aWtude 

A( = solar azimuth 

H = hei^ of object casting shadow 

S = true shadow length (as shown in cross- 
section in figure 1 12. below. 

S» = plan projected shadow length (the 
shadow length as shown in a plan view 
of an object and its shadow: it presumes 
a (fetance measured on a hypothetical 
level surface, instead of the varj^ng tr* 
regularities of an actual site as stwwn in 
figure 112). 

^ = slope angle, as described in figure 112. 



Si = slope peicent/IOO. 

for the simpte condKion of ^tadows on a tovel 
surface or zero percent slope, the shadow length 
Is given by the formula: 

(1) S = man (Ai) 

The shadow fans in a direction exactly opposite 
the numerical direction of the sun: 

(2) Ac shadow = At sun ± I8(r 

On a sloping surface the shadow length calcula* 
tton becomes more fomptex due to the rise or fall 
of the iana. If the land rises in the same direction 
as the direction of the sun's rays, the shadow will 
be shortmed; if the land falls away, the shadow 
will be lengthened. 

ytia fact may be expressed mathematically as: 

(3) FalUdo* = X tan (A,) 

(4) Risetwtf = X tan (Si,) 

= S^xS, 

Th9 rise of the land and the fell of the shadow 
equal the height of the sha(fing object. 

(5) H = fall = rise 

= Sr X [tan (A,) + (Si,)] 

or 

(6) H = Sr X [tan (A,) + S,3 

Thus, the plan projected sfradow length is: 

(7) S.= ^ 

[tan (A) + S,l 

But the slope of the Ij^nd does not usually lie in 
the direction of the sun's rays. 1b account for the 
angle between the sun's ra^ and ttie slope of the 
land, EquaUon 7 is modified as follows: 



(8) S.= 



tan (A) + ES X cos (At - w)] 



Figure 112: Factors in Shadow Length R>rmula 




o 
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Providing solar colfectors with unobstructed ac^ 
cess to sunlight can affect the density of a de- 
velopment. Buildings can be sited dose to one 
another only to the extent that they do not cast 
shadows across each other's collector surfaces. 
This limitation on siting can influence the spacing 
between structures and the density of the entire 
project. This angle shows how this spadng can be 
determined. 

Solar access and development density can be 
reconciled In two ways. First, developers can pro- 
ject density based on local regulations and ar- 
range the development so that shading Is 
minimized. This may mean that some bo^bt ac- 
cess objectives— south-wall protection, for 
example—are unachio\'abte for some lots If con- 
ventional tot layout Is used. A developer may have 
to settle for a less optimal level of sdar access In 
some areas of the development— south-roof 
protection, for example, instead of south-wall ac- 
cess. Second, the developer can consider sdar 
access as a major development objective and de- 
sign the project to increase solar access for an 
lots. This means that the developer essentially 
works backwards, establishing a solar access ob- 
jective and then tailoring the project to meet this 
objective and deriving a project density in the pro- 
cess. In many cases, however, the density that re- 
sults from trying to achieve a solar access objec- 
tive may exceed the density pemiitted under zon- 
ing regulations. 

Three development conditions can arise in 
solar access design. The first condition occurs 
when south-wall access is the major development 
objective and a development Is designed to pro- 
vide this level of access to all lots. The density of 
such a development can be detemilned by using 
the concept oi north shadow projection, discussed 
eariler in Preliminary Site Banning, 

The second condition arises when only roof ac- 
cess alone is considered. A similar analytical pro- 
cess Is used for roof access as Is used for south- 
wall access, except that the north shadow projec- 
tion must be drawn in cross-section to evaluate 
potential conflicts. 

Finally, developments considering either south- 
wall or south-roof access can be sited on terrain 
that slopes to the east and west. In detemiining 
density in these cases, the technique of develop- 
ing shadow patterns (based on shadow length 
data) is most appropriate. 

The three development conditions and the 
three different techniques for detemiining density 
are discussed below. 
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Density and South-Walt Access 

South*wall access is the best level of access for 
most developments. It is highly recommended for 
most residential projects. To determine the 
theoretical project density, determine the site 
latitude, slope direction, and slope gradient, all of 
which affect shadow length; then use the shadow 
projection technique to determine building spac- 
ing in a project. Project density can be derived 
from the minimum building spacing required to 
assure south*wa)l protection. 

Building spacing includes all of the regulatory 
considerations that affect lot layout, including front 
and rear yard setbacks, street rights-of-way, build- 
ing height, and building depth. (See Preliminary 
Site Planning.) Because shadows are cast by the 
highest point of a building, roof shape and orienta- 
tion have a great effect on shadow length and 
shadow projection. 

In figuring out project density, the developer 
must determine the north shadows and projec- 
tions cast by the highest point of each structure. 



then separate the buildings to make sure that 
south walls are not shaded. The easiest way to do 
this is to measure the greatest distance north 3 
shadow may reach on December 21 and compare 
this shadow projection length to the separation 
distance. If greater separation is necessary, lots 
can be lengthened to increase the distance be- 
tween buildings. This change in lot length to pro- 
tect solar access may affect the project's density. 

To arrive at a gross separation distance for two 
lots, examined in cross*section, building separa- 
tion distances can be expressed in the form of an 
equation, as in figure 113. The equation sums up 
all of the building depths, yard setbacks, and 
street and utility reservations required in a de* 
velopment to arrive at a gross separation distance 
for two lots, examined in cross-section. This gross 
distance is divided by two to determine the op- 
timum average lot length required to protect south- 
wall access for each tol The use of thiv equation 
presumes east/west street orientation, s rec* 
ommended in the chapter on specific design 
strategies. 



Rgure 113. Basic OenStty Equation 




NORTH 



SOUTH 



a+b+c^-d+e+^+g+h+l = MirHmum Gross Lot Length Along North/South Axis (including streets) 
2 

where 

a = distance south of building's high point (for flat roof a = 0) 
b =s front yard setback 
c - road width 

d b front yard setback (in full) 

e - distance north. of butldtng's hrgh point (for flat roof e = building length along north/south 

axis) 
f ^ a 

g - rear yard setback 
h ^ g (in full) 
i e (in tufi) 
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To use the t>a5ic density equation for south*lot 
access, the north shadow projection for each 
dwelling must also be used. Where the building 
spacing exceeds the north shadow projection dis- 
tance» south-wall access can be protected. But 
when the separation distance is less than the 
north shadow projection, the building spacing 
nruist be increased by lengthening the lot in the 
cross-section analysis. The lot length must be in- 
creased by the distance that the north shadow 
projection exceeds the building separation dis- 
tance, allowing the developer to substitute north 
shadow projection for one or more of the variables 
examined in the basic density equation. By mak- 
ing this substitution, the total lot length is also in- 
creased by this same distance. 

tf the building's shadow projection length (L) is 
longer than either a+b+c+d or f+g+h, then the 
shadow projection length must be substituted fcnr 
these grou^ of factors. 

Where L is greater than a+b+c+d, substitute L 
for a+b+c+d in the basic densil^ equation. 
Where L is greater than f+g+h, substitute L for 



these factors. Finally, when L is greater than both 
a+b+c+d and f+g+h, then substitute L for both 
sets of factors. In this situation, the basic density 
equation becomes: 

L+e+L+i 



= minimum average tot length along north/south 

axis. 

Once the minimum average lot length is deter- 
mined, then the lot length is multiplied by the lot 
width to get the total lot area {in ^uare feet). The 
lot area is then divided into 43,560 square feet 
(the number of square feet in an acre) to obtain 
the densi^, expressed as lots per acre. 

Example 1— South*Wtall Access 

Rnd building spacing and overall density while 

providing solar access to the south wall. 

Latitude 40^ N, 10% south slope, 70' lot width. 
Minimum setbacks, road width, and building size 
shown below. 
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Figure 114. South-Watt Access Exampte 



BUILDING B 




NORTH 



20' 15' 15 



BUtLOING A 



26' 



SOUTH 



Ratio of building height to shadow length = 2,5 
{from table). 

Building A shadow length =1* = 26' (2.5) = 65' 
Building B shadow length = U = 15' (2,5) = 37.5' 



20' 25' 20' 20' 
MIN. 

Use; 

a+b+c+d+e+Le+i = 85'+40'+37.5'+20' 



91.2' minimum lot length along N/S axis 
91.2' length x 70' width = 6387.5 sq. ft. per lot 



a+b+c+d = 20'+20'+25'+20' = 85' 
85' > U 

f+g+h = 0'+15'+15' = 30' 43560 sq. ft. per acre ^ ^ ^ ^^^^ 



Le > 30' 



6387.5 sq. ft. per lot 
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Rooftop Access and Density 

Rooftop access generally allows greater density 
than south'wall acce^. Buildings of the same 
height will not shade one another's rooftops, if 
vegetation is controlled, l^ierefore, buildings can 
be packed closer together wittiout affecting roof- 
top access. 

Problems can arise, however, in a mixed-use 
development or a PUD incorporating single-family 
detached and taller multifamily structures. If the 
taller structures are located to the south of the 
lower, single^family detached builcUngs, then roof* 
top access of the lower structures can be 
obstructed. A similar problem may occur when a 
residential development borders a high* or mid- 
rise district to the south, where off^site structures 
can obstruct solar atxess to buildings within the 
development. 

To analyze shading in these areas and to de- 
termine project density, a slightly different 
technique is used than is used for south-wall ac- 
cess. In the case of rooftop access, north shadow 
Projection must be drawn in cross^section as in 
figure 115. The shadow projection distances are 



compared with building separation distances. 
Structures to the north are moved as for south- 
ward as possible, so that the morning and after* 
noon shadows fall just at the roof eaves. This dis* 
taoce represents the closest packing of buildings 
on the site, and the optimum lot length, wfien sel* 
badcs and yard requirements are considered. As 
with south*wall access, the lot widtii is multiplied 
by the optimum lot length to determine lot area, 
and this figure divided into acreage in square feet 
for a density detenmination. 

This method uses the basic density equation 
developed for soulh*wall access. The method is to 
draw the north projection of Building A. 

Then the next building to the north (BuikHng B) 
is positioned as dose to Building A as possible 
without obstructing solar access to B. (See figure 
116.) 

The distance from the northerly high point on 
Building A to the roof edge of Building B is teamed 
and is used as 1^ in this example. The 
minimum pacing distance from Buildings B and 
C is termed Un* wNch is detenmined and used in 
the same manner as Un* 



Figure Shadow Projection for Rooftop Access 




NORTH 



BUILDING A 



SOUTH 
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Figure 116. Density and Rooftop Access 



ROOFTOP WITH SOLAR ACCESS 




BUILDING B 
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Figure 117. Rooftop Access Example 
FiTKj buikling spacing and overall <leri8fty wHh r^^ 

slope, 75' lot width. Minimum setbacks* road width and building size shown below. 



BLOG C 8L0G A 



BLOGB 




MIN. IS' MIN. IS' MIN. IS' MtN. 40' 



Sirilding B will not shade the roof of Building C. Therefore, onfy the shadow of Building A will be 
drawn. 

Ratio of shadow length to building height ~ 4.1 (from figure 54) 



= 40' (4.1) = 164' 




Using the basic density equation: 
a+b+c+d =0+1S'+2S'+1S' = SS' 
U<i>5S' 



Use: 

Uft+e+f+g+h+i = 164+ 20+ 20+1S+1S+40 ^ 
2 2 

137' minimum average lot length along north/south axis 7S' width x 137' length = 1Q27S' 
average sq. ft. per lot 

43560 sq. ft. per acre ^ 4.2 lots per aae 
1027Ssq. ft. per acre 
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Density end East/Wiet Slopes 

Determining density wtiere slopes do not run 
north/south fsquir^ more det^led graphic work. 
Since the shadow pattern of a building on a cross 



sk>pe is asymmetrical, buikKng layouts must be 
determined in plan for souttvwall access (or in 
plan and cross-sedion for rooftop access) before 
the calculations can be made. 



FindbuHdlng spMing and overall density for an east^adng slope of 15% lati^ 
south waN of aM buildings. 

Using the method given in Preliminary Srte Planning the shadow of a typical building can be.drawn. 

Rguie 118. lypica) BuikSng Dimensions 




The following sketch was prepared as the calculations ware made. 
Rgura 119. Topographic Contours 




Referrfng to the Shadow Length Tables in Appendix III: The AM shadow length for 10' = 2S':for14' = 35'. 

The noon shadow length for 10' = 16'; for 14' ~ 22\ 
The PM shadow length for 10' = 55': for 14' = 77' . 



Having the shadow pattern for an indM<hjal butldfng* this can be shifted about untH a group of buildings and their 
access road have been laid out. Max^um densities can be achieved an inegular plan such as that given below 



Figure 120. East/West Slope Density Example 

\ \ \ \ 




Once the plan has been "roughed out" densities can be calculated directly as the number of units per acre> 
Fbr the cluster shown the overall area is 22S'x14a = 31500 sq. ft. 

Average sq> ft> per unit = 31500 ^ 5250 sq. ft. 

6 

43560 sq> ft^acre = 83 units/acre 
5250 sq. ftM 
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American Planning Association. Protecting Soiar 
Access in New Residential Development- A 
Guidebook for Planning Officials- Rockville, 
MD: National Solar Heating and Cooling Infor- 
mation Center, 1979. 

A guide to using conventional land-use controls 
to protect solar access; includes basic informa- 
tion on access and model regulations. 

American Society of Landscape Architects foun- 
dation. Landscape Planning for Energy Con- 
servation. Reston, VA: Environmental Design 
Press. 1977. 
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analysis and site planning for solar architecture. 
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dimatic regions. 

County of Sussex. A Oes/gn Guide for ResidenSal 
Areas. London, England: Anchor Press, Ltd., 
1973. 
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pedestrian walkways; covers a wide variety of 
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De Chiara, J. and L. Koppelman. Urban Planning 
and Design Criteria. New >brk, NY: Vfeui Nos- 
trand, Reinhold, 1975. 
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phasizing conventional planning practice and 
containing little on energy-efficient or solar ac* 
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Manual of Housing Planning and De- 
sign Criteria. Englewood Cliffs, NJ: Prentice- 
Hall, 1975. 

Thi*^ ./andbook is similar in format and content 
to Urban Planning and Design Criteria except 
that it concentrates on housing and subdivi- 
sions. 

First Passive Solar Home Awards. Rockville, MD: 
National Solar Heating and Cooling Information 

Center, 1979. 

Presents the state*of-the-art designs that won 
the competition sponsored by the U.S. Depart- 
ment of Housing and Urban Development. 
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A classic text on site planning. 
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DC: National Association of Home Builders, 
1976. 
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energy-efiicjent subdivisions. 

Living Systems. D^vis Energy Conservation Re- 
port Winters, CA: Living Systems, 1977. 
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programs, and solar homes. 
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vetopment Manual. Washington, DC: National 
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National Solar Ideating and Cooling information 
Center (NSIHCIC). A Forum on Solar Access 
Rockville. MD: NSHCtC, 1977. 
A transcript of the proceedings of a forum on 
sdar access held by the New Vork State Legis- 
lative Commission on Energy Systems, in July, 
1977. Contarts an overview of useful informa- 
tion and of^nion on the various legal aspects of 
solar access protection and regulation. 

State So/ar Legf/s/atfon. Rockville, MD: 

NSHCIC. 1979. 

An overview of state legislation affecting ttie 
use and installation of solar energy equipment. 
It includes a summary of the relevant state 
legislation rt existence in January 1979, and is 
periodicaUy updated to reflect new laws and 
statutes. 

Office of Comprehensive Planning. The Land 
Book- New Hampshire: Office of Comprehen- 
sive Planning, 1976. 

A manual prepared for the office of the governor 
of the state of New Hampshire that is designed 
to acquaint focal officials with the benefits, prin* 
ciples, and techniques of commun/ty land use 
planning. There is a strong emphasis on the 
use of natural resource information in the plan- 
^ ning process. 
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Planning Advisory Service. Caring for the Land. 
" Planning Advisory Service Report No. 328. 

Chicago, IL: American Planning Association, 

1977. 

A report putriished by the American Planning 
Association on how environmental and natural 
resource concerns should be incorporated into 
the site planning process ior new development. 
Includes chapters on planmlng with environmen- 
tal resources in mind, reviewing development 
prop<»5als» and sources of technical assistance. 
Explains how to use a natural resource and en- 
vironmental overlay technique in site planning 
and reviewing site plans. 

Real Estate Research Corporation. The Costs of 
Sprawl- Stock No. 4111-0021. Washington, DC: 
Government Printing Office. 1977. 
A detailed analysis of economic, environmental, 
social, and direct costs of urt}an sprawl. 

Working Papers on Marketing and 

Market Acceptance. Washington, DC: U.S. 
Departnrfent of Housing and Urban Develop- 
ment, 1978. 

A two-volume work examining the potentials 
and problems of marketing solar homes. Con- 
tains information on financing, marketing, 
characteristics of solar purchasers and build- 
ers, and the impact of lending institutions on 
consumers. 

Robinette, G. PtantsiPeopleland Environmental 
Quality. Stock No. 2905^79. Washington, DC: 
U.S. Government Printing OfHce, 1972. 
A graphic prer<»itation showing how to use 
plants as environmental planning elements for 
modifying the impact of wind, solar radiation, air 
pollution, noise, and visual blight. 

Sunsef Vitestem Garden Book. Menio Park, CA: 
Lane Publishing Co., 1972. 
An index of ornamental plants and their uses in 
the western portion of the United States. The 
book includes maps of the microclimates of the 
West, and which plants are best adapted to 
them. The maps themselves can serve as val- 
uable design tools making the book useful for 
landscape planning. 

Thomas, et a/. Overcoming Legal Uncerta/ntfes 
about the Use of Solar Energy Systems. 
Chicago, IL: American Bar Association, 1978. 
A booklet that discusses the major legal issues 
likely to arise in the use of solar energy 
systems. 
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Weiner, Michael. Plant a Tree, New Vbrk, NY: Col- 
lier Books, 1975. 
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Building 

Adams, Anthony. Your Energy Efficient Home. 
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ration. Regional Guidelines for Building Pas- 
sive Energy Conserving Homes. Washington, 
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Development, 1978. 
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Solar Dwelling Design Concepts, 

Washington, DC: U.S. Department of Housing 
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An introduction to solar building design with an 
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Anderson, Bruce. Ttie Solar Home Book, Hanis- 
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A design manual on energy-efficient homes; in- 
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vents, and other key house components. 

"Energy and the Builder; Proper Site Orientation 
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developed l>y Professor Wayne Shick of the 
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bridge, MA: Harvard University Press, 1975. 
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and forestry applications. 

Givoni, B. Man, C//mafe, snd Architecture, Lon- 
don, England: Elsevier Publishing Co., 1976. 
A comprehensive book on human comfort and 
thermal performance of buildings. Contains 
quantitative descriptions of the thermal perfor- 
mances of building materials and design fea- 
tures, siK^h as ventilation and window shading. 

Leckie, ef al. Other Homes ajid Garbage, San 
Francisco, CA: Sierra Club Books, 1975. 
This book covers a wide variety of information 
on self-sufficient residential energy systems 
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building design and planning. 

. Solar Control and Shading Devices, 
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Total Environmental Action. Solar Energy Home 
Design in Four Climates- Harrisvilte, NH: 
ChesNre Books, 1975, 

Shows four solar homes that use both active 
and passive systems to provide heat, cooling, 
and domestic hot water. 
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